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INTRODUCTION 
Field stalk breaking in maize is the result of many fac­
tors interacting in a complex manner. It was postulated by 
Russell (1961) that at least two components are involved, 
susceptibility to disease which results in weakened stalks 
and the mechanical strength of the stalk either in the presence 
or absence of disease. 
Stalk rot, incited by Diplodia zeae (Schw.) Lev. is one 
of the most important diseases of corn in Iowa. The suscepti­
bility of corn plants to this disease usually results in pre­
mature dying of the plants and broken stalks in the field. 
It has been recognized that the resistance to stalk rot 
organisms is inherited in a quantitative manner. The success 
in developing resistant inbred lines by the standard procedure 
of inbreeding and selection, with the aid of artificial ino­
culation, depends primarily on the proportion of resistant 
genotypes in the heterogeneous source material from which the 
inbred lines are isolated. The proportion of resistant geno­
types occurring in a heterogeneous population is a function 
of the frequency of genes for resistance in such a gene pool. 
It follows that any breeding scheme which is effective in in­
creasing the frequency of genes for resistance in the popula­
tion to be used as source material for initiating a selection 
and self-pollination program would enhance greatly the chance 
of success in extracting superior lines. 
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One of the most widely used breeding schemes for im­
proving plant populations at the present time is the recurrent 
selection procedure first outlined by Jenkins (1940). This 
method was proved to be effective in concentrating genes for 
resistance to HeIminthosporium turcicum (Jenkins, Robert, and 
Findley, 1954). Later, variations from the original scheme 
were proposed by Hull (1945) and Comstock, Robinson, and Har­
vey (1949). Since then the methods have been employed in 
improving characters like yield, oil percentage, and others in 
various heterogeneous corn populations. 
The purpose of the study reported herein was to evaluate 
the progress through three cycles of recurrent selection in 
improving the Diplodia stalk-rot resistance in an open-polli­
nated maize variety, Lancaster. The study included, also, an 
evaluation of the associated changes in other important agron­
omic characters of the Lancaster populations. 
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REVIEW OF LITERATURE 
General Pathology of Diplodia Zeae (Schw.) Lev. 
Literature on the general pathology of Diplodia zeae is 
voluminous, and only those reports which would provide infor­
mative background to the plant breeder will be reviewed here. 
Diplodia zeae was first reported as a parasite of corn by 
Heald, Wilcox, and Pool (1909). Johann, Dickson, and Wieland 
(1923) described that stalk rot of corn caused by D. zeae 
rarely occurred before the ears had reached the dough stage 
and was not exhibited by most lines of corn prior to pollina­
tion. Infection of lower internodes usually resulted in a 
rotting and brown discoloration of the internode with dis­
coloration of tissue extending into adjoining internodes in 
severe rotting. The general symptoms were premature dying of 
the plants, chaffy ears, weak shanks, dropped ears, and lean­
ing and fallen plants. Durrell (1923) concluded from the field 
data that: (a) D. zeae attacked chiefly the lower two or 
three nodes and rarely infected the sixth or seventh node; 
(b) the first node was not as frequently infected as the second 
node; (c) little relation existed between Diplodia infections 
on the stalk, shank, and ear; and (d) stalks still alive and 
growing were less subjected to Diplodia attack than those which 
were on the decline. 
The conditions that predisposed plants to infection by 
the Diplodia stalk-rot fungus summarized by Koehler (1960) 
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were: (a) inherent susceptibility, (b) leaf blight, (c) an 
inadequate supply of potassium in the soil as compared with 
the amount of nitrogen present, (d) high fertility level in 
general, (e) early frost damage, (f) partial defoliation, and 
(g) the use of early maturing varieties, Ullstrup (1955) 
pointed out that the severity of Diplodia stalk rot was in­
creased by wet weather in August and September, especially 
when preceded by unusually dry weather in June and July. A 
definite increase in the incidence of stalk rot with increasing 
plant population was reported by Mortimore and Wall (1965) . 
For evaluating degrees of resistance or susceptibility, 
three methods of artificial inoculation are now available for 
creating a uniform stalk rot epiphytotic in the breeding 
nursery. Young (1943) originally described the technique of 
inoculation by utilizing cultures of Diplodia growing on 
round toothpicks. One-inch lengths of pipestem cleaners 
soaked in a Diplodia spore suspension were suggested by Wern-
ham (1949). In both afore-mentioned methods, holes were 
punched in the stalks and the toothpicks or pipestem cleaners 
were inserted and left there. The most widely acceptable arti­
ficial inoculation method was developed by Smith, Hoppe, and 
Holbert (1938) . In this method stalk inoculations with D. 
zeae were made with a water suspension of spores in an inocu-
lator. The needle end of the inoculator was jabbed into the 
center of a lower internode usually one foot above the soil 
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line. The authors concluded from a comparison of the incidence 
of stalk rot caused by Diplodia under natural and artificial 
inoculation that the relative resistance to Diplodia stalk rot 
was measured to a satisfactory degree by means of artificial 
inoculation. Hooker (1957) suggested that similar internodes 
should be inoculated to measure comparative resistance to stalk 
rot among corn plants or varieties. Inoculation of the first 
or second elongated internode above the ground between one and 
three weeks after silking was recommended as most satisfactory 
for this purpose, with stalk rot ratings made preferably four 
weeks after inoculation. 
With regard to the artificial inoculation techniques, 
observational evidence indicated that the three inoculation 
procedures gave rather comparable results (Koehler, 1960). 
Nature of Resistance to Stalk Rot 
Several aspects of the nature of resistance to stalk rot 
have been reported in the literature. Holbert, Hoppe, and 
Smith (1935), comparing partially defoliated and non-defolia-
ted plants, found that stalk tissue of partially defoliated 
plants was infected earlier and to a much greater extent by 
D. zeae following natural and artificial infection. The 
authors stated, "In each case, increased susceptibility of 
stalks to the fungus was associated with conditions that might 
well result in a reduction of the carbohydrate reserve of the 
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plant". The same conclusion was reported by DeTurk, Early, 
and Holbert (1936), and Mortimore and Ward (1964). 
Craig and Hooker (1961) theorized that a decrease in the 
sugar level of the stalk caused senescence of the pith tissue, 
indicated by a decrease in pith density, and plants with 
senescent pith tissue were susceptible to stalk rot. Pappelis 
and Smith (1963), Wysong (1964), and Wall and Mortimore (1965) 
confirmed that the density of pith tissue was associated with 
the extent of stalk-rot incidence. 
Johann and Dickson (1945) reported that up to shortly 
after pollination time corn stalks contained an ether soluble 
substance which retarded growth of D. zeae, Gibberella zeae, 
and Nigrospora zeae in culture. As the ears developed, some 
lines soon lost the growth retarding effect while some others 
retained it to a considerable extent. This difference was 
correlated with the difference in susceptibility to stalk rot 
during this period. Furthermore, a growth retarding sub­
stance was present in juice pressed from the stalk, and it 
retarded growth of D. zeae in culture as did the ether extracts. 
A similar effect of the stalk juice was reported by Taylor 
(1952). Davis et al. (1938) found that hot water extracts of 
dried pith contained a substance which modified the growth of 
Diplodia in culture. 
Durrell (1925) recognized that D. zeae was able to uti­
lize cellulose, and from this observation concluded that a 
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cellulose-decomposing phenomenon was operative in the disease. 
Cellulase was isolated from corn stalk tissue by Foley (1959). 
Cellulolytic enzyme prepared from either badly rotted stalks 
or from culture of Fusarium moniliforme was found capable of 
reducing the strength of excised corn rind strips. Ikenberry 
(1964) concluded from his study that cellulolytic enzymes in 
the corn stalk softened and disintegrated stalk tissue thus 
causing weakened stalk. 
Pappelis (1957) suggested that resistance to stalk rot 
was afforded in certain varieties of corn through substances 
believed to be phenolic compounds. Zuber et al. (1957) re­
ported that a highly significant positive correlation was 
found between nitrogen content in the stalk and susceptibility 
to D. zeae or to G. zeae. They also noted that rot ratings 
for both pathogens were highly correlated negatively with 
cellulose content. However, there were negative correlations 
for ash, crude fiber, and lignin with only the Diplodia rot 
ratings. Whitney and Mortimore (1959a) found that stalks of 
young corn were not attacked by F. moniliforme or by G. zeae 
because of the presence of an antifungal substance, later 
identified as 6-methoxybenzoxazolinone (1959b). 
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Interrelations Among Diplodia Stalk Rot, 
Mechanical Strength of the Stalk, and 
Incidence of Stalk Breakage in the Field 
The incidence of stalk breakage in the field is a complex 
phenomenon. The process itself is affected by the interrela­
tionships of various factors, and the evaluation is usually 
confounded by numerous variables of the environment. These 
problems have eventually led to confusion in the interpreta­
tion of the experimental data. 
The situation concerning stalk lodging and rotting has 
been summed up by Wernham (1959). He stated? "The interpre­
tation of stalk rot reaction in hybrid corn is further confused 
by the methods that various agencies use in accumulating the 
data. To be truthful, stalk rot has not been strictly defined. 
The plant pathologist thinks of it in terms of breakdown of 
fundamental tissues. The agronomist thinks of the disease 
in terms of stalk lodging, that is, breaking below the ear, as 
opposed to root lodging. Often there is little distinction 
made between stalk lodging due to stalk rot and lodging due to 
corn borer infestation and activity. Evaluation of stalk 
lodging is not a standardized procedure. Many agronomists 
count broken stalks; others use a pushing technique to which 
all standing stalks at harvest time are subjected. A more 
severe test is one wherein a lusty kick is given the corn 
plant just above ground level. All these tests are accom­
plished at the time of harvest, usually 8 to 12 weeks after 
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anthesis. There is little wonder, then, that stalk rot data 
on corn hybrids in the Northeast provide a controversial 
issue. On the one hand pathologists are interested in the 
extent of tissue damage, while on the other hand agronomists 
are interested in what may be spoken of as "standability", 
that is, the ability of a corn stalk to stand erect. As a 
matter of fact, "standability" rather than stalk rot resistance 
seems to be a desirable character to be sought'.'. 
Ratings for broken stalks sometimes correlated well with 
ratings for stalk rot (Smith et 1938; Pendleton, 1952) . 
In more recent studies, other investigators have not found an 
equally close relationship between the incidence of stalk rot 
and broken stalks (Zuber et al. 1957; Jugenheimer, 1958; 
Heidrich, 1958; Foley, 1960; Hoffbeck, 1964). Sprague (1954) 
pointed out that the low estimate of the correlation coeffi­
cient between Diplodia ratings and stalk breakage.should per­
haps be expected since breakage might result from a variety 
of causes, only one of which was disease susceptibility. How­
ever, there was a general relation between Diplodia stalk rot 
rating and incidence of stalk breakage. Lines which were 
classified as resistant would, on an average, exhibit less 
stalk breaking than lines classified as susceptible. But, 
within each group varying degrees of resistance to stalk 
breaking would occur. Sprague further suggested that the dif­
ferences in stalk breaking reactions could be measured satis­
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factorily only in hybrid.combinations. 
Mechanical methods which are related to field stalk break­
age of corn have been used for measuring strength of stalks. 
Durrell (1925) placed stalks horizontally on 2 supports spaced 
6 inches apart with the node midway between them. He applied 
downward pressure on the node with a lever device and recorded 
breaking strength of the first five nodes above the ground. 
From lower to higher nodes, strength decreased successively. 
Nodes showing fungal infection had about one-half the strength 
of uninfected nodes. 
McRostie and MacLachlan (1942) determined strength of 
four successive internodes per plant by breaking, crushing, 
and penetration measurements. The first internode above the 
last node bearing brace roots was the lowest internode examined. 
Resistance to breaking, crushing, and penetration decreased 
successively from low to high internodes. Resistance of inter­
nodes to crushing appeared to have the highest correlation with 
resistance to lodging. 
Jenkins (1930) evaluated the relationship between the 
breaking strength of stalks and percentage of plants broken in 
the field in 46 selfed lines. Breaking strength was measured 
on a machine designed and built for that purpose. The correla­
tion coefficients for the breaking strength at three internodes 
and field stalk breakage were: 3rd internode -0.5766, 4th 
internode -0.5588, and 5th internode -0.4915. 
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Jenkins and Gaessler (1932) found in comparing the short 
diameter, long diameter, and cross section area of an inter-
node that the short diameter gave the highest correlation with 
percentage of broken plants in the field. In another study 
(1934) they obtained a correlation of 0.5349 between breaking 
strength and field stalk breakage, data obtained in Krug top-
crosses of inbred lines in two years. 
Heidrich (1958) used one double cross, (WF9 x 1205) x 
(M14 X C103), and 29 lines isolated from Ml4 x C103 test-
crossed with WF9 X 1205 to determine the relationship among 
attributes concerning stalk quality with field stalk breakage. 
Non-significant phenotypic correlation coefficients were ob­
tained in all characters studied. The low estimation of the 
phenotypic correlation coefficients was attributed to low 
differentials of the characters determined. 
Foley (1962) determined strength of 4 of the lower inter-
nodes of corn hybrids varying in resistance to stalk rot by 
measuring the force required to break 6-inch sections. Nine 
hybrids tested at various times during August, September, and 
October had strong stalks in August regardless of suscepti­
bility to stalk rot. In October, stalks of susceptible hy­
brids had deteriorated due to stalk rot to as much as one-
fifth of the original strength. The lower internode had 
greater inherent strength than upper ones, but they suffered a 
great percentage loss in diseased plants. In susceptible hy­
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brids, losses of stalk strength were evident in late August, 
usually prior to the appearance of typical symptoms. 
Zuber and Grogan (1961) evaluated the association between 
stalk lodging and various stalk characteristics. Highly sig­
nificant, negative correlations were found between stalk 
lodging and breaking strength of the second internode, stalk 
lodging and dry weight of a 2-inch section of the second inter­
node, stalk lodging and thickness of rind of the third inter­
node, and stalk lodging and crushing strength of the third 
internode. The general description of the techniques for 
measuring crushing strength and rind thickness was presented 
by the authors and also by Zuber and Loesch (1962). 
Loesch, Calvert, and Zuber (1962) found that rind thick­
ness was not affected by Diplodia maydis infection, but stalk-
crushing strength of lodging-susceptible single crosses was 
reduced. The authors concluded that selection for stalk 
strength per se by measuring the thickness of rind, crushing 
strength, and selecting for resistance to stalk rotting organ­
isms offered an excellent opportunity to develop corn hybrids 
with superior stalk lodging resistance. 
Thompson (1964) suggested that any internode below the 
ear would be satisfactory for determining crushing strength, 
rind thickness, internode diameter, and internode length; that 
sampling should be confined to a specific internode for all 
plants; and that data should be obtained from more than one 
13 
location for crushing strength and rind thickness. 
Inheritance of Resistance to Stalk Rot 
Smith et al. (1938) established that varieties and hybrids 
differed in their degree of resistance or susceptibility to 
Diplodia stalk rot. This finding suggested that the problem 
on corn-stalk rot could be solved by breeding. Thus, informa­
tion on the mode of inheritance and the types of gene action 
was necessary to indicate the most efficient breeding procedure 
one should follow. 
Jugenheimer (1940) reported that inheritance of resistance 
to Diplodia stalk rot was complex. Crosses between resistant 
and susceptible lines approached the resistant parent in re­
sistance. The effects of heterosis and at least partial domi­
nance of resistance appeared to be factors. Some evidence of 
epistatic action of resistant factors was obtained when 
crosses between certain susceptible lines were more resistant 
than either parent, and crosses between very resistant lines 
sometimes were less resistant than the parental lines. Taylor 
(1952) and Andrew (1954) arrived at the same conclusion that 
resistance to stalk rot was not of a simple monogenic nature. 
Sprague (1954) summed up the situation that the resistance 
to Diplodia stalk rot appeared to be inherited in a typically 
quantitative pattern. The author illustrated the data ob­
tained from Hooker and Russell that in a cross between inbred 
line B14, a resistant line with Diplodia rating score of 1.01, 
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and Oh41, a susceptible line with 2.68 score, the plants 
averaged 1.32 which was intermediate between the two parents 
but nearer to the resistant parent. The mean ratings of the 
F2 plants was 1.99, less resistant than the F^^ progeny mean. 
The progeny of the backcross to B14 averaged 1.32 whereas 
the other backcross to Oh41 plants gave a mean of 2.44. Thus, 
the two backcrosses tended to approximate their respective 
inbred parents. 
Rubis (1954) indicated that it was difficult to estimate 
the types of gene action involved in the resistance to Diplodia 
stalk rot. In one experiment, using the constant-parent re­
gression of parental- and F^- mean method, the additive type 
of gene action was found to be the most important. However, 
in another experiment analyzing the components of variation, 
the additive component was larger than the dominant in one 
cross, while the calculated value of dominance was larger than 
the additive in the other three crosses. The author concluded 
that Diplodia stalk-rot resistance involved additive gene 
action, dominance, and in some cases, epistasis. 
Russell (1961), in a comparison between different types 
of testers for evaluating the relationship of stalk-rot resis­
tance in inbred lines and stalk strength of the lines in hy­
brid combinations, found that for stalk rot ratings, the esti­
mated variance component for lines was 0.30 and for lines x 
testers was 0.04. He concluded that the additive genetic 
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effects were of considerably greater importance than non-addi­
tive effects in these selected lines. 
Hoffbeck (1962) estimated the degree of dominance of 
gene action using diallel analyses of data involving 7 inbred 
lines and their all possible and F^ backcross progenies 
excluding reciprocals. The effectiveness of the analyses was 
reduced by epistatic deviations. Interallelic interactions 
were apparent for reaction to D. zeae in the W23 array. When 
such array was excluded resistance to D. zeae showed complete 
dominance to slight overdominance. Diallel analyses suggested 
that, for reaction to D. zeae, W187R and C103 were dominant 
(resistant) for most of the genes involved; WF9, W22, and W32 
were intermediate, whereas 4Co63 was recessive (susceptible). 
Fergason (1964) used 6 inbred lines and 15 F^'s among 
these lines in 1961, 4 inbred lines, 6 F^'s and Fg's, and 12 
first- and 12-second generation backcross progenies in 1962. 
Variance analysis indicated that inheritance to D. maydis in­
fection in the lines tested involved both additive and non-
additive types of gene action. In both 1961 and 1962, devia­
tions from additivity were largely attributable to partial 
dominance for resistance. 
An attempt to estimate the number of genes conditioning 
reaction to D. zeae has been reported by few authors. Rubis 
(1954) estimated that at least from 1 to 4 effective factors 
were involved. These effective factors varied in their 
16 
potentiality. The term, effective factors, referred to the 
number of segregating units of inheritance. Hoffbeck (1962) 
checked for linkage with 13 4Co63 reciprocal translocation 
stocks. He found that at least three chromosomes, numbers 2, 
7, and 10, or four, numbers 6, 7, 8, and 10 appeared to carry 
a gene or genes conditioning the difference in reaction be­
tween W22 and 4Co63. 
El-Rouby and Russell (1966) investigated the chromosome 
location of genes conditioning resistance to D. maydis in two 
highly resistant inbred lines, B14 and C103. The study used 
25 reciporocal translocations in testcrosses involving each 
of the resistant lines with two susceptible lines, Hy and 
0s420. The authors reported that, considering all testcrosses, 
nine chromosome arms were found to carry a gene, or genes, 
that condition resistance to D. maydis. Genes that were asso­
ciated with resistance and were dominant or partially dominant 
to susceptibility were found in the centromere region of chromo­
some 5 and the long arms of chromosomes 6, 8, and 9 in both 
B14 and C103. Differences in the genetics of resistance in 
B14 and CIO3 were detected in the short arms of chromosomes 3 
and 9 and the centromere region of chromosome 7. 
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Recurrent Selection 
Recurrent selection is a breeding system involving re­
peated cycles of reconstituting a new population from the 
selected genotypes with the objective of increasing the fre­
quency of favorable alleles for yield or other characteristics. 
While the first usage of the term "recurrent selection" ap­
pears to have been by Hull (1945), a system with essentially 
the same concept was suggested by Hayes and Garber (1919) and 
by East and Jones (1920). On the basis of the knowledge of 
the early individuality and stability of inbred lines for 
yield prepotency, and with the belief that yield heterosis 
was due to dominant favorable alleles, Jenkins (1940) pro­
posed a breeding procedure for the production of synthetic 
varieties among short-time inbred lines. The essential steps 
in the procedure are: 
1. The isolation of one-generation selfed lines. 
2. Testing of these lines in top-crosses for yield and 
other characters to determine their relative endowments with 
respect to genes affecting these characters. 
3. Intercrossing of the better-endowed self lines to 
produce a synthetic variety. 
4. Repetition of the above process at intervals after 
each "synthetic variety" has had a generation or two of mixing, 
possibly with the inclusion of lines from unrelated sources. 
Since this breeding scheme utilized a broad genetic base-
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material as the tester parent, the method was known as "re­
current selection for general combining ability". 
Hull (1945) suggested a slight modification from the 
general scheme of Jenkins and designated it as "recurrent 
selection for specific combining ability". Hull believed that 
hybrid vigor for yield could be explained only on the basis of 
the over-dominant action of genes at various loci; and thus, 
the heterozygous condition at a locus would be more favorable 
than the homozygous condition of any of the possible alleles 
at that locus. His proposal was to self-pollinate plants in 
a heterozygous population and at the same time outcross them 
to an inbred tester. On the basis of the performance of 
these test crosses, the selected lines would be intercrossed 
to form a foundation material for a repetition of the same 
breeding cycle. The objective of the plan was that after 
several such cycles a composite of the intercrossed seed from 
selected lines would be used as one parent with the inbred 
tester as the other parent for the production of seed for com­
mercial use. 
Comstock et al. (1949) outlined another variant of the 
method now widely known as "reciprocal recurrent selection". 
In this method the foundation materials from two divergent 
sources, designated source A and source B, were used. SQ or 
plants from source A were self-pollinated and at the same 
time out-crossed to plants from source B. Likewise, individual 
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plants from source B were self-pollinated and tested against 
plants from source A. Selection was based on experimental com­
parison of these two sets of test-cross progenies and two new 
populations were produced by intercrossing selected, superior 
lines within each source. The procedure was then repeated 
through successive cycles. The objective of the plan was that 
commercial seed would be produced by crosses between the A and 
B selection material groups at any level of inbreeding. The 
authors theoretically demonstrated that reciprocal recurrent 
selection would be superior to other proposed recurrent selec­
tion breeding schemes in the genetic situation where both 
partial dominance and over-dominance existed in loci operating 
for yield heterosis in corn. 
Penny, Russell, and Hallauer (1963) divided the recurrent 
selection scheme into two types, phenotypic recurrent selection 
and genotypic recurrent selection. Phenotypic recurrent 
selection included those cases in which the phenotype of the 
SQ plant was the basis of selection. Genotypic recurrent 
selection included all types of recurrent selection in which 
the basis of selection was the genetic worth of the SQ plant 
as evaluated in some type of progeny test. This evaluation 
might have been on the basis of selfed-progeny performance or 
test-cross progeny performance. The test-cross progeny evalua­
tion was further subdivided on the basis of the degree of 
heterozygosity or heterogeneity of the tester. From this view-
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point, five types of recurrent selection are recognized: (1) 
phenotypic recurrent selection, (2) recurrent selection based 
upon progeny performance, (3) recurrent selection for 
general combining ability, (4) recurrent selection for specific 
combining ability, and (5) reciprocal recurrent selection. 
Recurrent selection has been used extensively for improving 
important agronomic characters in various corn populations. 
Only the literature which is relevant to the present study 
will be reviewed in detail here. An excellent review of re­
current selection for grain yield was presented by Lonnquist 
(1961) and Penny et al. (1963). 
The effectiveness of recurrent selection on other agronomic 
characters has been demonstrated by many workers. Prey, Brim-
hall, and Sprague (1949) reported results obtained in the first 
cycle of selection in each of two populations of intercrosses 
among progenies of a single-cross hybrid corn, Hy x 1198. 
One set of progenies had been selected on the basis of the 
ratio of zein to total protein and the second set had been 
selected for tryptophan content of the grain. No improvement 
was realized in the population selected for zein-protein 
balance. Only three of the ten F^ progenies used for inter­
crossing, however, had a significantly low ratio of zein to 
total protein. A substantial increase amounting to 12.7% of 
the mean of the F^ population was obtained in the population 
selected for mean trytophan percentage. 
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Sprague and Brimhall(1950) presented data on the relative 
effectiveness of phenotypic recurrent selection and selection 
during inbreeding on oil percentage in the corn kernel. The 
material from the Illinois High Oil x wx 0s420 series had 
been carried through two cycles after the original selfings 
in the backcross populations. The mean of the original popu­
lation was 7.2% and was shifted to 10.5% after two cycles of 
phenotypic recurrent selection. In the selfing series, the 
average oil percentage increased from 7.0% in to 7.5% in 
Sg. The net gain per year in the recurrent series was 0.66 
while in the selfing series, was 0.25. Thus, the phenotypic 
recurrent selection procedure, at the end of a 5-year period, 
was 2.6 times more efficient than selection during inbreeding 
under the conditions of this experiment. In another population 
involving Stiff Stalk Synthetic, Sprague, Miller, and Brimhall 
(1952) concluded that the recurrent selection system was more 
effective than the selfing series by factors ranging from 1.3 
to 3.0 depending upon the particular contrast used. They 
suggested, also, that at least one generation of random mating 
after intercrossing might increase the efficiency of recurrent 
selection since it would tend to conserve genetic variability. 
Jenkins, Robert, and Findley (1954) reported the effective­
ness of recurrent selection for concentrating genes for resis­
tance to Helminthosporium turcicum leaf blight in corn in nine 
groups of progenies. Each group consisted of a resistant in­
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bred line, a susceptible Corn Belt inbred line, the cross be­
tween them, the backcross to the Corn Belt inbred line (or Fg 
generation of the cross) and three successive generations of 
recurrent selection. The first two cycles of recurrent selec­
tion were very effective in improving the mean leaf blight 
scores of the resulting populations. The effectiveness of the 
third cycle of selection was inversely proportional to the 
amount of improvement accomplished in the first two. 
Harrison (1961) evaluated three cycles of recurrent selec­
tion for resistance to European corn borer. Cycle 1 consisted 
of 12 inbred lines originally used to develop a corn borer 
synthetic. Cycle 2 consisted of two groups of inbred lines, 
A and B, developed from the synthetic. There were six lines 
in group A and five lines in group B. Cycle 3A consisted of 
15 lines in the generation selected from the 15 possible 
single-cross combinations of cycle 2A lines. Cycle 3B consti­
tuted 8 lines in the generation selected from 8 of the 10 
single-cross combinations of cycle 2B lines. The mean ratings 
of cycle 2A were significantly more resistant than the means of 
cycle 1. The mean of cycle 3A was significantly less resistant 
than the mean of cycle 2A in one year but there was no signifi­
cant difference in the other year. There were no significant 
differences in the mean of cycle 1 vs cycle 2B nor cycle 2B vs 
cycle 3B for either year. The author concluded that recombina­
tion of the first cycle materials appeared to be adequate to 
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achieve -highly resistant inbred lines and the need for a 
second cycle was not demonstrated. 
Penny et al. (1963) attempted to develop strains of corn 
resistant to the European corn borer. Several agronomically 
desirable, but borer susceptible, inbred lines of corn were 
crossed to a source of resistance, backcrossed to the suscep­
tible lines for two generations, and self-pollinated one 
generation. Following this first selfing, two cycles of 
selection for corn-borer" resistance were completed. They 
found that in the 38-11 program, one cycle of recurrent selec­
tion increased the frequency of resistant plants but the second 
cycle was ineffective. In the WF9 program, the first cycle 
resulted in a minor shift in the number of plants from the 
susceptible to intermediate classification. A much greater 
improvement was found to accompany the second cycle of selec­
tion. 
A reciprocal recurrent selection method was reported to 
be effective in improving popping volume and lodging resistance 
in popcorn by Thomas and Grissom (1961), mean percentage of 
erect plants by Bhatnagar and Jugenheimer (1961) , and a con­
trast in lodging resistance and susceptibility by Thompson 
(1963). 
The application of recurrent selection breeding procedure 
has been extended to other crops. Johnson reported the 
effectiveness of one (1952) and two (1956) cycles of recurrent 
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selection for general combining ability in the sweetclover 
variety, Madrid. The author indicated that the gain in yield, 
relative to Madrid, averaged about 30% per cycle, and there 
appeared to have been no loss in genetic variability. 
Christie and Kalton (1960) used a recurrent selection 
procedure to improve seed weight in bromegrass. They used a 
top-cross test to evaluate 203 clones. Ten of the highest 
and 10 of the lowest clones in seed weight were selected and 
intercrossed separately in isolated polycross blocks. The 
mean seed weight in grams per 50 seeds for the 10 highest 
progenies was 0.206, and for the 10 lowest progenies was 0.145. 
They indicated that sufficient genotypic variance still re­
mained to permit further cycles of selection. 
Recurrent selection studies were done with birdsfoot 
trefoil by Peacock and Wilsie for resistance to seed pod 
shattering (1957) and vegetative vigor and seed setting (1960). 
The authors found that one cycle of recurrent selection had 
reduced the pod dehiscence from 50.6% to 33.8%, but two cycles 
of selection produced no apparent gain in vegetative vigor 
and seed setting. 
Hill, Sherwood, and Dudley (1963) reported the effect of 
eight cycles of phenotypic recurrent selection on resistance to 
two physiologic races of Uromyces striatus medicaginis in two 
germplasm pools of alfalfa. They observed marked increases in 
the frequency of resistant plants from cycle 4 through cycle 6 
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of pool A and from cycle 2 through cycle 5 of pool B with the 
major advance in both pools occurring between cycles 4 and 5. 
Dudley, Hill, and Hanson (1963) evaluated seven cycles of 
phenotypic recurrent selection in two pools of alfalfa. Signi­
ficant increases in rust resistance and leaf hopper yellowing 
tolerance, characters for which selection was practiced, were 
obtained in both pools of germplasm. The characters for which 
no selection was practiced were spring growth, recovery, fall 
growth, and weight per plant in the first cut the year after 
planting. There were no significant changes in means for spring 
growth, recovery, or fall growth in pool A with cycles of selec­
tion. In B.there were significant decreases in spring growth 
and fall growth means. There was an increase in first-cut 
weight in both pools of germplasm. Increases in percent sur­
vival, attributed to selection for freedom from crown and stem 
rots, were the same for the two germplasm pools. Most of the 
progress came in the first three cycles of selection. 
Graham et (1965) presented the data on three cycles 
of selection for resistance to common leaf-spot in two pools 
of alfalfa germplasm. They reported that phenotypic recurrent 
selection, as a method of increasing disease resistance in al­
falfa, was effective. The final cycles in both pools had a 
higher degree of resistance than the most resistant check 
variety. Mean rust ratings in the original population of pool 
A was decreased from 4.09 to 0.76 in the third cycle, while in 
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pool B the decrease was from 3.93 to 0.86. 
Draper and Wilsie (1965) obtained the data for three cycles 
of recurrent selection for large seed size in two varieties of 
birdsfoot trefoil. They found that the gains in seed size 
were 20% per cycle in variety Viking and 6.25% per cycle in 
variety Empire. Diallel analyses indicated that general com­
bining ability effects for seed size were significant but 
specific combining ability effects were not. 
Khadr and Frey (1965) used recurrent selection for im­
proving 100- seed weight in 4 oat populations, irradiated 
Clintland, irradiated Beedee, and irradiated hybrid. They re­
ported that the mean of 100- seed weight of the selected parental 
strains was significantly higher than the mean of the original 
population in every group, and the advance shown by the parent 
strains was retained in the populations generated by recurrent 
selection. Two cycles of recurrent selection gave 25% advance 
in 6 years, whereas one cycle of pedigreed plus one of recurrent 
selection would give 25% advance in 5 years. They concluded 
that, in oats where intercrossing was difficult and laborious, 
it appeared advantageous to alternate cycles of pedigreed and 
recurrent selection instead of following the usual practice of 
rapid cycling in recurrent selection. 
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MATERIALS AND METHODS 
The materials used in this study involved the open-pollin­
ated maize variety Lancaster. The historical development of 
the variety Lancaster had been described by Wallace and Brown 
(1956, p. 88). "Isaac Hershey, a farmer in Lancaster County, 
Pennsylvania, mixed a late, rough, large-eared corn with an 
early, flinty corn. Then to this mixture he added, from time 
to time, at least six other varieties of corn. Finally, in 
1910, he stopped bringing in outside corn and began selecting 
for earliness. Because his corn was earlier than other corn 
in Lancaster County, it was called Sure Crop. Hershey, in 
selecting seed, put special emphasis on ears free from disease; 
... He did not go into the fields to pipk his ears; conse­
quently, because of his lack of firsthand observation of the 
growing plants, his Lancaster Sure Crop was rather weak-rooted". 
The open-pollinated variety Lancaster has been sampled 
extensively in the Corn Belt for breeding materials. Lines 
extracted from Lancaster have proven to be good in combining 
ability; however, with very few exceptions, these lines have 
not been used to any extent because of poor stalk quality. An 
attempt has been made at the Iowa Agricultural Experiment 
Station to develop by recurrent selection a new Lancaster 
variety which would have a higher degree of stalk rot resistance. 
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Synthesis of Materials 
Approximately 1000 SQ plants in the open-pollinated 
variety Lancaster, designated Lancaster CQ, were self-pollinated 
in 1955. These plants were punched at the first elongated 
internode above ground level by the Diplodia inoculating needle 
but no inoculum was used. Using a rating scale of 1-6 wherein 
1 was highly resistant and 6 was highly susceptible, 173 
selfed ears were harvested from plants with a rating of 3.0 or 
better. 
In 1956, 173 progenies were grown in a randomized block 
with two replications. Inbreds B14, WF9, Hy, and Oh41 were in­
cluded as controls in this and succeeding replicated tests. A 
single-row of 13 plants was used for each entry. In this and 
succeeding replicated experiments Diplodia stalk-rot inoculations 
were made 1 to 2 weeks after 50% of the plants were silked and 
ratings were taken 5 weeks after inoculation. Rating scores 
of the Sprogenies in 1956 ranged from 2.1 to 4.9 with a mean 
of 3.7. The ratings for B14, WF9, Hy, and Oh41 were 2.7, 2.9, 
3.7, and 4.2, respectively. In this first cycle 20 progenies 
were selected that had a stalk rot rating of 3.0 or less and a 
mean of 2.8. 
The selected 20 lines were divided into two groups and 
all possible diallel crosses within each group were produced in 
a Florida planting in 1956-57. In 1957, a composite was made 
up from each set of diallel crosses and these composites were 
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Table 1. Analysis of variance for mean stalk rot ratings of 
173 S, lines from Lancaster CQ and 4 inbred checks 
grown at Ames in 1956 
Source of variation D.F. M.S. 
Replications 1 0.41 
Entries 176 0.55** 
Among lines 172 0.54** 
Among checks 3 1.10** 
lines vs checks 1 0.55 
Error 176 0.22 
C.V. 12.9% 
••Significant at the 1% level. 
crossed to give Lancaster C^. 
Approximately 1200 SQ plants in Lancaster were self-
pollinated in 1958. These plants were inoculated with a 
Diplodia spore suspension and, at harvest, 154 selfed ears 
were selected from plants having ratings of 2.0 or better. The 
selected progenies were evaluated for stalk rot resistance 
in a replicated trial in 1959. A 16-plant row was used for 
each entry. Stalk rot ratings of S^ lines varied from 1.5 to 
5.0 with a mean of 3.0. The inbred checks B14, WF9, Hy, and 
Oh41 scored 2.1, 3.2, 3.2, and 4.0, respectively. Ten S^^ lines 
having ratings of 1.5 to 2.3 and a mean rating of 2.0 were 
selected. 
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Table 2. Analysis of variance for mean stalk rot ratings of 
154 S, lines from Lancaster C, and 4 inbred checks 
grown at Ames in 1959 
Source of variation D.F. M.S. 
Replications 1 0.02 
Entries 157 1.03** 
Among S^ lines 153 1.03** 
Among checks 3 1.16** 
S^ lines vs checks 1 0.17 
Error 157 0.25 
C.V. 16.8% 
••significant at the 1% level. 
In 1960, all possible diallel crosses were made among the 
10 selected lines. A composite of seeds from these diallel 
crosses gave Lancaster C^. 
In 1961, the 45 diallel crosses of 10 selected lines 
from Lancaster were grown in separate progeny rows where 
five or more plants per family were self-pollinated. These 
plants were inoculated with a Diplodia spore suspension and, 
at harvest, selfed ears were saved from the two most resistant 
plants in each progeny row. Two families were discarded be­
cause of excessive stalk rot and two families were identified 
as lost. The 82 selections were evaluated for stalk rot 
resistance in an experiment with three replications in 1962. 
Single row plots with 16 plants were used. Stalk rot ratings of 
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the lines varied from 0.9 to 3.5 with a mean of 1.9. Mean 
ratings of B14, WF9, Hy, and Oh41 were 1.0, 2.1, 3.3, and 3.3, 
respectively. Ten lines with Diplodia ratings of 0.9 to 
1.4 and a mean of 1.2 were saved. The parentage of the 82 
lines was known; thus, some restriction in selection of the 
10 lines was used to keep inbreeding at a minimum value. 
Table 3. Analysis of variance for mean stalk rot ratings of 
82 lines from 41 families of diallel crosses among 
10 selected lines from Lancaster C, and 4 inbred 
checks grown at Ames in 1962 
Source of variation D.F. M.S. 
Replications 2 0.33 
Entries 85 1.08** 
Among lines 81 0.94** 
Among checks 3 3.73** 
S^ lines vs checks 1 3.89** 
Error 170 0.31 
C.V. 29.9% 
••Significant at the 1% level. 
In 1963, all possible diallel crosses were made among the 10 
selected lines. Equal numbers of seeds from each cross 
were composited to give Lancaster C^. 
Thus, from the period of 1955 to 1963, three cycles of re­
current selection based upon SQ plant and progeny performance 
for Diplodia stalk-rot resistance were completed. The four 
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Lancaster populations, designated C^, , and C^, were the 
basis of the materials to be used in this study. In each of 
the three new populations there had been one generation of 
controlled sib-pollination of a composite of the diallel 
crosses. This previous work was conducted by Dr. W. A. Russell 
at Iowa State University, Ames, Iowa. 
Table 4. Data on mean stalk rot ratings of S, lines, number 
of S, lines selected, mean stalk rot ratings of the 
selected S, lines, selection differential, and heri-
tability percentage for three successive cycles of 
recurrent selection 
Mean 
ratings 
of S, 
lines 
No. of 
lines 
selected 
Mean Selection Per cent 
ratings of differential heritability 
selected 
lines 
Cycle 1 3.7 20 2.8 1.68 42.2 
Cycle 2 3.0 10 2.0 1.94 61.5 
Cycle 3 1.9 10 1.2 1.67 40.1 
For the purpose of this study, three groups of materials 
were prepared during the summer of 1964 at Ames, Iowa. (1) 
Each Lancaster population was crossed with two single-cross 
testers. These testers were WF9 x Hy, intermediate in resis­
tance to Diplodia stalk rot, and 0s420 x 187-2, susceptible to 
Diplodia stalk rot. (2) The four Lancaster populations were 
crossed in a diallel series to give six population crosses. In 
both groups, each cross consisted of six pairs of 16-plant rows. 
Crosses were made between rows within a pair, plants in each 
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row being used as male and female parents. Ears harvested from 
each pair of rows were shelled separately and equal amounts of 
seed from each of the six pairs were composited to represent a 
particular cross. (3) Approximately 250 plants of Lancaster 
CQ and Cg were grown and most of the plants in each population 
were self-pollinated. Ears of selfed plants were harvested 
and shelled separately. One hundred lines from each popula­
tion were selected at random for subsequent testing. 
Also in 1964, controlled sib-pollinations were made again 
in each of the four Lancaster populations to increase seed 
supply for further experimentation. 
Field Procedures 
Field experiments were conducted to evaluate the four Lan­
caster populations—CQ, C^, ^3—:Eor resistance to arti­
ficial stalk rot where a D. zeae spore suspension was used, 
resistance to natural stalk rot, resistance to mechanical stalk 
breakage, resistance to natural field stalk lodging and root 
lodging, plant height, stalk diameter and internode length, 
grain yield, and maturity. Several different experiments were 
involved at two locations: Iowa State University Agronomy Farm 
near Ames and Iowa State University Farm near Ankeny. As the 
following descriptions will show, evaluations were of popula­
tions per se, population crosses, testcrosses of the populations, 
and S^ progenies from Lancaster CQ and C^. Certain checks 
were included, not necessarily for comparison with the 
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Lancaster material in the experiment, but to give some indica­
tion of the level of performance for the character under study. 
Evaluations for resistance to development of stalk rot from 
artificial inoculations 
Five field experiments were used to obtain ratings for 
incidence of Diplodia stalk rot with artificial inoculations. 
A randomized complete block design was used for all of these 
experiments. Tests of the four Lancaster populations were 
conducted in 10 replications at Ames in 1964 and 1965. In a 
third experiment testcrosses of the four Lancaster populations 
with two single-cross testers, WF9 x Hy and 0s420 x 187-2, were 
evaluated in 10 replications at Ames in 1965. In these three 
experiments, three single-cross hybrids, B14A x ClOS-resistant, 
B14 X Oh41-intermediate, and 0s420 x 187-2 susceptible, were 
included as checks. In another experiment there were 10 en­
tries: six entries of all possible single-cross combinations 
among the Lancaster populations and the four parental popula­
tions, grown in 15 replications at Ames in 1965. Each plot of 
these experiments had one row with 25 plants. The rows were 
40 inches apart with plants spaced 13 inches within the rows. 
The final experiment of this series, involving the 
progenies from Lancaster CQ and C^, was conducted at Ames in 
1965. Three replications with a single row plot of 16 plants 
were used. Inbreds B14, WF9, Hy, and Oh41 were each entered 
twice in all replications, representing eight entries in the 
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experiment. 
For each experiment, the plots were checked at silking 
time to determine the approximate date when 50% of the plants 
had silks emerged. Approximately one week after 50% of the 
plants had been silked, the plants were inoculated with a sus­
pension of pycnidiospores of D. zeae in the middle of the first 
elongated internode above the ground. The inoculum was pre­
pared by growing the organism at room temperature for 28 days 
on oats sterilized in an equal volume of water and was furnished 
by the Plant Pathology Department. Six weeks after the inocu­
lation, the plants were split longitudinally through the inocu­
lation point and the amount of discolored tissue relative to 
the area of the inoculated internode was evaluated. The follow­
ing scheme was used to express the relative reaction of plants 
to D. zeae. 
(0.5) No spread of infection from the punctured area. 
(1) 0-25% of the inoculated internode rotted. 
(2) 26-50% of the inoculated internode rotted. 
(3) 51-75% of the inoculated internode rotted. 
(4) 76-100% of the inoculated internode rotted. 
(5) The infection extending into the adjacent internodes. 
(6) Dead plants. 
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Experiments to obtain data on length, diameter, and strength of 
the stalks at the second elongated internode above ground level 
Four experiments were conducted at Ames to obtain data for 
internode length, diameter, and strength. The purpose of the 
first two experiments grown in 1964 and 1965 was to obtain in­
formation on resistance to mechanical breakage in the four 
Lancaster populations at 4, 6, 8, and 10 weeks after 50% of 
the plants had been silked. Single-cross hybrids B14A x C103, 
B14 X Oh41, and 0s420 x 187-2 were included as checks. A 
split-plot design with five replications was used, with dates 
of evaluation being the main plots and the seven entries making 
up the sub-plots. 
The third experiment, including the testcrosses of the 
Lancaster populations and the three single-cross checks, and 
the fourth experiment including the population crosses and the 
four parental populations, were grown in 1965 in a randomized 
block design with 10 and 15 replications, respectively. Eval­
uation of stalk strength in these two experiments were made 
approximately 10 weeks after the silks had been emerged. 
Each entry of these experiments was planted in a single-
row plot. The row consisted of 25 plants with 13 inches be­
tween plants and the rows were spaced 40 inches apart. Stalk 
samples were taken from guarded plants in each row. Length, 
long diameter, and short diameter of the second elongated inter­
node above the ground were recorded in centimeters. Strength 
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of the stalk at the middle of the second elongated internode 
above the ground level was determined by means of a specially 
constructed machine designed to apply a gradually increasing 
force against the stalk until breakage of the stalk occurred. 
The stalk to be tested was inserted in a sliding two-piece 
carriage and subjected to the gradually increasing lateral 
force. A spring scale simultaneously indicated the amount of 
force applied, and force required to break the stalk was read 
from a maximum value indicator on the scale. This force, re­
corded in pounds, was designated as stalk strength. A photo­
graphic illustration and a detailed description of the machine 
was given by Ikenberry (1964) . 
Evaluations for internode crushing strength, rind thickness, 
and weight of a section of dry stalk 
An experiment, designed to secure data on crushing strength, 
rind thickness, and weight of a 2-inch section of dry stalk, 
was grown at Ames in 1965. The material used in this study 
consisted of six population crosses, four parental populations, 
and three single-cross hybrids, B14A x C103, B14 x Oh41, and 
0s420 X 187-2. The design of the experiment was a randomized 
block design with 10 replications. Later in the season, one 
replication was discarded due to poor stand. Each entry was 
planted in a single-row plot with 16 plants per row. The space 
between rows was 40 inches and between plants in a row was 13 
inches. 
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Stalk samples from the second elongated internode above 
the ground were collected from guarded plants in each row at 
approximately 8 weeks after the silks had been emerged. These 
samples, placed in mesh bags, were put in the dryer at 100° 
F for a period of 7 days. Dry samples were then taken to the 
laboratory of Dr. M. S. Zuber in the Department of Agronomy at 
the University of Missouri for measurements of weight of a 
2-inch section, resistance to mechanical crushing, and thickness 
of the rind. Each sample of dry stalk was sawed into a 2-inch 
section at the middle portion of the internode. The weight of 
the 2-inch section was recorded in grams. The 2-inch section 
was crushed with a hydraulic press and the pressure was re­
corded in pounds. The rind was broken free after crushing and 
its thickness was measured in millimeters with a micrometer 
caliper. 
Evaluations for plant height, natural stalk rot, field stalk 
and root lodging, grain yield, and maturity 
The Lancaster populations and three single-cross checks, 
B14A X C103, B14 x Oh41, and 0s420 x 187-2, were grown in ex­
periments at Ames and Ankeny in 1964 and 1965. A randomized 
block design with 10 replications was used in all tests. The 
Lancaster population testcrosses and the three single-cross 
checks were grown in experiments of 10 replications at Ames 
and Ankeny in 1965. The Lancaster population diallel series 
and parents were grown in experiments of 15 replications at 
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Ames and Ankeny in 1965. Two-row plots with 9 hills each were 
used. The rows were spaced 40 inches apart and the distance 
between hills in a row was 20 inches. Total stand after thinning 
was 40 plants per plot. 
Plant and ear height data were recorded in centimeters on 
the first ten competitive plants in the plot. Plant height was 
measured as the distance from the ground to the collar of the 
flag leaf. Ear height was measured as the distance from the 
ground to the node bearing the top ear. Date of silking was re­
corded when 50% of the plants within the plot had silks emerged. 
Stalk lodging percentage was expressed as the ratio of the 
stalks that were broken below the ear to the total number of 
plants in the plot. Root lodging percentage was expressed as 
the ratio of the stalks that were leaned more than 30° toward 
the ground to the total number of plants in the plot. Natural 
stalk rot was determined by a brownish discoloration and colf-
lapse of the internodes below the ear when pressure was applied 
by the thumb and forefinger, and the data were obtained in per­
centage expressed as the ratio of rotted plants to the total 
number of plants in the plot. Percent grain moisture at har­
vest was determined from a 100-gram sample of shelled corn in a 
plot. For yield, field weight of ear corn in pounds per plot 
was adjusted to shelled grain at 15.5% moisture in hundredweights 
per acre (cwt/acre). 
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STATISTICAL ANALYSIS 
The statistical analysis for agronomic characters in the 
present study will be presented in the following order: 
(1) Artificial stalk rot. 
(2) Length, diameter, and strength of the stalks at the 
second elongated internode above ground level. 
(3) Internode crushing strength, rind thickness, and 
weight of a section of dry stalk. 
(4) Plant and ear height, natural stalk rot, field stalk 
and root lodging, grain yield, and maturity. 
For the purpose of F-tests, the entries, unless stated, 
were considered to be fixed effects. The effects of locations 
and, or years were of little particular interest in this study; 
therefore, in the combined analysis both were considered to be 
a random sample drawn from a population of environments in which 
corn is grown in Iowa. 
Artificial Stalk Rot 
The data on stalk rot ratings were analyzed on the basis 
of plot means. Mean stalk rot ratings of four Lancaster popu­
lations and three single-cross checks obtained from 1964 and 
1965 experiments at Ames were analyzed individually according 
to the standard statistical procedure as described by Snedecor 
(1956). The statistical model of the replicated randomized 
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block design is as follows: 
where 
y = overall mean 
= replication effect; i= 1,2 f • • • f 10 
Vj = entry effect; j =1,2 f • • • f 7 
= random error. 
In the analysis of variance, the six degrees of freedom of 
entries were partitioned into three degrees of freedom for popu­
lations, two degrees of freedom for checks, and one degree of 
freedom for populations vs checks. The estimated trend of 
progress from three successive cycles of recurrent selection 
was obtained from the analysis of variance in such a manner 
that the three degrees of freedom of populations were partitioned 
to fit the orthogonal polynomials, linear, quadratic, and 
cubic components with one degree of freedom each. The esti­
mated error variance was used as a common denominator for the 
purpose of statistical F-tests. 
After the individual analyses had been made, the data from 
1964 and 1965 experiments were pooled for a combined analysis. 
The statistical model was extended to include the effects of 
additional environments as follows: 
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where 
M = overall mean 
= effect of replicate i in environment 
k ; i = 1,2...10; k = 1,2 
V. = entry effect; j = 1,2,...,7 
J 
= environment effect 
(VL)= interaction effect between entry and environment 
= random error. 
In the combined analysis of variance, the six degrees of 
freedom of the first-order interaction, entries x environments, 
were partitioned into populations x environments, checks x 
environments, and populations vs checks x environments with 
three, two, and one degree of freedom, respectively. To pro­
vide appropriate error terms for the statistical F-tests the 
sources of variation, degrees of freedom, and expected mean 
squares are given in Table 5. 
Table 5. Combined analysis of variance for stalk rot ratings 
of four Lancaster populations from 1964 and 1965 ex­
periments at Ames 
Source of variation ^freedom°^ Expected mean squares 
Environments 1 + RVo? 
a L 
Replications/Environment 18 
Entries 6 aj + Ra?_ + RLK^ b VL V 
Populations 3 + Ro^^ + RLKp 
Linear 1 o? + Ro^. + RLK^ 
1 
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Table 5 (Continued) 
Source of variation Expected mean squares 
Quadratic 1 + «"PL + 
Cubic 1 + «'PL + «^63 
Checks 2 + «"CL + BLKc 
Populations vs Checks 1 + 
«"(POL '^PC 
Entries x Environments 6 + 
Pop. X Env. 3 
"b + 
Checks X Env. 2 + «"CL 
Pop. vs Checks x Env. 1 + _ 2 
^°(PC)L 
Pooled error 108 
The data on mean stalk rot ratings of test-cross progenies 
of the four Lancaster populations with two single-cross testers 
obtained from an experiment at Ames in 1965 were analyzed as a 
randomized block design. The testers were considered to be 
fixed effects. In the analysis of variance, the ten degrees 
of freedom of the entries were partitioned into populations, 
testers, populations x testers, checks, and populations vs 
checks. The three degrees of freedom which provided a com­
parison among the four populations were broken down to fit the 
orthogonal polynomials, namely, linear, quadratic, and cubic 
with one degree of freedom each. The test for the repeatabil­
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ity of two testers was provided by the three degrees of free­
dom of populations x testers. These three degrees of freedom 
of populations x testers were in turn divided into three com­
ponents: population-linear x testers, population-quadratic 
X testers, and population-cubic x testers each with one de­
gree of freedom to allow testing for repeatability of the 
curvilinear regression coefficients. To calculate F values, 
the estimated error variance was used as a common divisor. 
Mean stalk rot ratings of six population crosses and four 
parental populations collected from Ames in 1965 were analyzed 
as the usual procedure for a randomized block design. In the 
analysis of variance, the nine degrees of freedom of the en­
tries were partitioned into three components; three degrees 
of freedom for populations to provide a comparison among CQ, 
Cg, and C^; one degree of freedom for populations vs 
population crosses to provide information on the average 
heterosis; and five degrees of freedom for population crosses 
to provide further analysis for the combining ability. The 
method used for computing the combining ability analysis of 
variance was given by Griffing (1956) in Experimental Method 4, 
Model I (one set of F^'s but neither parents nor reciprocal 
F^'s is included) whose mathematical model was: 
Xij  =  M +  S i  +  +  S .  .  +  e .  
where 
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y = overall mean 
g. = general combining ability effect of the i^^ parent; 
^ i = 1,2,3,4 , 
g. = general combining ability effect of the j parent; 
J j = 1,2,3,4 
s.. = specific combining ability effect such that 
^ij = ®ji 
e. = random error; k = 1,2,..., 15 1JJC 
In the combining ability analysis of variance, the five 
degrees of freedom of the population crosses were divided into 
general combining ability with three degrees of freedom and 
specific combining ability with two degrees of freedom. The 
variance associated with general combining ability and specific 
combining ability components provided information on the rela­
tive importance of the types of gene action involved in the 
concerned populations. For the purpose of statistical F-tests, 
all effects were tested against the estimated error variance. 
The sums of squares for general combining ability (S^) and 
specific combining ability (S^) were calculated in the following 
manner ; 
1 E X? - 0» X?. p-2 ^ i. p{p-2) 
Ss = r j *1] " P-2 I ^ i. (p-l) (p-2) %" 
where 
p = number of parents = 4 
r = number of replications = 15 
and where 
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j=i ^ ij 
= Lj 
The effects of general combining ability and specific com­
bining ability were calculated as follows; 
=?(F2r - 2^.] 
®ij " *ij " p-2 l^^i. (p-1) (p-2) X 
where variances of differences between effects were: 
2 .2 (Si-Sj) = F2 « ' (i+i) 
Var 3^; (i:|=j,k:j+k) ij ik' p-2 
Var 8^; (i=J=j,k,l; j=|=k,l; kfl) . 
Estimates of general and specific combining ability 
variances were obtained by the formulae: 
«S, = ^ j+i 'ij • M 
The data on mean stalk rot ratings of progenies from 
Lancaster CQ and Lancaster Cg collected from an experiment at 
Ames in 1965 were analyzed on the basis of a replicated ran­
domized block design. In this experiment, one plot was mis­
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takenly omitted from the artificial inoculation and it was 
then treated as a missing plot. -The estimate of a single 
missing datum was furnished by the following formula: 
Y - aT + bB - S 
^ (a-1) (b-1) 
where 
a = number of entries 
b = number of blocks 
T = sum of items with same entry as missing item 
B = sum of items in same block as missing item 
S = sum of all observed items 
In the analysis of variance, the lines were considered 
to be random effects. The 207 degrees of freedom of the entries 
were divided into components which were most relevant to this 
study, namely, lines from Lancaster Cg with 99 degrees of 
freedom, lines from Lancaster with 99 degrees of free­
dom, and lines from Lancaster CQ versus lines from Lan­
caster with one degree of freedom. The components which 
were not of interest were grouped together as residuals. The 
genetic variance component associated with each population was 
estimated by equating the observed to the expected mean squares 
for each set of variation among lines in the appropriate 
analysis of variance. To calculate F values, the estimated 
error variance was used as a common divisor. 
48 
Length, Diameter, and Strength of the Stalks at the 
Second Elongated Internode Above Ground Level 
The data on length, long diameter, short diameter, and 
stalk strength of the second elongated internode above the 
ground of four Lancaster populations and three single-cross 
checks collected from 1964 and 1965 experiments at Ames were 
analyzed on the basis of plot means. For each character, an 
individual analysis of variance was calculated according to 
the standard split-plot design given by Snedecor (1956). The 
model for the split-plot experiment in a randomized block is: 
Xiik = W + Ri + Dj + Si j  + Vk + (VD)+ «ijk 
where 
y = overall mean 
Rj^ = replication effect; i = 1,2,...,5 
Dj = date effect; j = 1,2,...,4 
e^j = main-plot error 
= entry effect; k = 1,2,...,7 
(VD)= interaction effect between entry and date 
= sub-plot error. 
Dates in which the stalks were cut for evaluation were 
considered to be fixed effects. In the analysis of variance, 
the three degrees of freedom of dates were partitioned into 
linear, quadratic, and cubic components of the orthogonal 
polynomials to provide information on the trend of the effects 
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when stalks were cut at two-week intervals for four successive 
dates. The same partitioning was done for the three degrees 
of freedom of the populations. The 18 degrees of freedom of 
entries x dates were divided into populations, checks, and 
populations vs checks. The repeatability of the curvilinear 
regression coefficients at four different dates were measured 
by partitioning the populations x dates into three components; 
population-linear x dates, population-quadratic x dates, and 
population-cubic x dates. 
After the individual analysis for each character had been 
made, the data were pooled for combined analyses over two 
years. The partitioning of the degrees of freedom in the 
analysis of variance was done in the same manner as described 
for the single analysis. The first-order interaction, entries 
X environments, and the second-order interaction, entries x 
dates X environments, were partitioned into populations, checks, 
and populations vs checks. As a reference for the appropriate 
error term for the statistical F-tests, the sources of varia­
tion, degrees of freedom, and expected mean squares are given 
in Table 6. 
The data on mean, stalk strength, of test-cross progenies 
of the four Lancaster populations with two single-cross testers 
and three single-cross checks and of six population crosses 
including four parental populations, both collected from ex­
periments at Ames in 1965, were analyzed in the same manner 
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as previously described for stalk rot data. 
Internode Crushing Strength, Rind Thickness, 
and Weight of a Section of Dry Stalk 
The data on crushing strength, rind thickness, and weight 
of a 2-inch section of the second elongated internode above 
ground level of six population crosses, four parental popula­
tions, and three single-cross checks were analyzed in the 
usual manner for diallel analysis in a replicated randomized 
block design with the exceptions that three additional degrees 
of freedom of the entries attributable to checks and popula­
tions vs checks were added into the sources of variation in 
the table of analysis of variance. The error, with 96 degrees 
of freedom, was used as a common denominator for statistical 
F-tests of various components in the analysis. 
Table 6. Combined analysis of variance for 1964 and 1965 
split-plot experiments at Ames 
Source of variation ^freedom°^ Expected mean squares 
Environments 1 + RVDa^ 
Cl  Xi  
9 
Replications/Environment 8 a 
Dates 3 a?" + RVaL + RVL 
Linear 1 o? + RVa^^ + RVL Y? 
b "'"DL "D 
b + ^
Quadratic 1 o? + RVaJ, + RVL 
1 
b ' """DL ' "(X, 
Cubic 1 a? + RVoZn- + RVL 
2 
b • """DL ' "03 
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Table 6 (Continued) 
Source of variation °freedom°^ Expected mean squares 
Dates X Environments 3 
Pooled error (b) 24 
Entries 6 
Populations 3 
Linear 
Quadratic 
Cubic 
Checks 2 
Populations vs Checks 1 
Entries x Environments 6 
Populations x Env. 3 
Checks 2Ç Env. 2 
"b + 
+ RDo^ + RDL 
0^ + RDo^t + RDL C PL P 
1 "c + RD'PL + RDL 
1 al + RDO^^ + KDL 
1 0^ + RDa^T + RDL Kg 
c PL $2 
+ RDa^^ + RDL 
"l * K»°(PC,L + K(PC) 
"c + 
"o + RD'PL 
"o + 
Populations vs Checks 
X Env. 
Entries x Dates 
Populations x Dates 
P^ X D 
P g X D  
Pg X D 
"l + *D°(PC,L 
IS 4 + ROtol + Ri. 4) 
9 "c + R'POI, + ™ Kpo 
3 "l + R^PDL + R:' K'lD 
3 "o + R"IdL + R  ^
3 "c + R'PDL + R1 KSJD 
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Table 6 (Continued) 
Source of variation ^freedom°^ Expected mean squares 
Checks X Dates 6 + RL 
Populations vs Checks _ _ « 
^ Dates 3 ^ (PC)D 
Entries x Dates x Environ- _ _ 
ments 18 az + C VDL 
Populations x Dates _ « 
X Env. 9 a + Ra 
2 2 Checks X Dates x Env. 6 a + Ra 
c PDL 
c + k-cdl 
Populations vs Checks _ „ 
X Dates X Env, 3 a + Ra 
Pooled error (c) 192 
c ""(PC)DL 
2 
Plant and Ear Height, Natural Stalk Rot, Field 
Stalk and Root Lodging, Grain Yield, and Maturity 
The data on plant and ear height were analyzed on the 
basis of plot means. To improve the additivity of the effects, 
the data on percentage natural stalk rot and field stalk and 
root lodging, which tended to be binomial in form, were trans­
formed into arcsin /x+1. The addition of a factor of one to 
the percentage of observed value was due to the occurrence of 
zero observations in certain of the entries. 
The data for each character of the four Lancaster popula­
tions and three single-cross checks collected from replicated 
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randomized block experiments at Ames and Ankeny in 1964 and 
1965 were analyzed individually. Then the data from four 
sets of environments were pooled for the combined analyses. 
As a reference for the appropriate error terms for the statis­
tical F-tests in the combined analysis, the sources of varia­
tion and the expected mean squares were the same as shown in 
Table 5. 
For the population x> tester experiments at Ames and 
Ankeny in 1965, individual analyses for each character were 
conducted and the data were pooled for the combined analyses 
over two sets of environments. In the combined analysis, the 
ten degrees of freedom of the first-order interaction, entries 
X environments, were partitioned into populations, testers, 
populations x testers, checks, and populations vs checks. 
For the basis of F-tests, the sources of variation, degrees 
of freedom, and the expected mean squares are presented in 
Table 7. 
Table 7. Combined analysis of variance for yield and other 
agronomic characters of test-cross progenies of four 
Lancaster populations with two testers grown in 
experiments at Ames and Ankeny in 1965 
Source of variation ^freedom°^ Expected mean squares 
Environments i 
a L 
Replications/Environment is 
Entries 10 + Ra^ + RL 
Populations 3 + Rop^ + RL Kp 
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Table 7 (Continued) 
Source of variation ^£reedom° Expected mean squares 
Linear 1 + 
Quadratic 1 + 
Cubic 1 + 
Testers 1 + + RL 
Populations x Testers 3 + «'PTL + ^  4t  
PL X T 1 4 + 
PQ X T 1 
"B + 
Pc X T 1 + ®®PTL 
Checks 2 4 + 
Populations vs Checks 1 4 + *°(PC)L + •ÎPC 
Entries x Environments 10 4 + 
Populations x Env. 3 + a'PL 
Testers x Env. 1 + 
Pop. X Testers x Env. 3 + *°PTL 
Checks X Env. 2 + R"CL 
Pop. vs Checks x Env. 1 4 + ''°(PC)L 
Pooled error 180 4 
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The data for each character of the six population crosses 
and four parental populations, obtained from experiments at 
Ames and Ankeny in 1965, were analyzed and partitioned in the 
same manner as previously described for a single diallel 
analysis of variance. Then, the data for an individual charac­
ter were combined over two environments. In the combined 
analysis of variance, the first-order interaction, entries 
X environments, was divided into populations, populations vs 
population crosses, and population crosses. The five degrees 
of freedom of populations x environments were partitioned into 
general combining ability x environments and specific combining 
ability x environments to provide information on the repeata­
bility of types of gene action with respect to different sets 
of environments. To provide appropriate error terms for the 
statistical F-tests for various components in the combined 
analysis of variance, the sources of variation, degrees of 
freedom, and expected mean squares are given in Table 8. 
Table 8. Combined analysis of variance for yield and other agronomic data of 
six population crosses and four parental populations grown in ex­
periments at Ames and Ankeny in 1965 
Source of variation ^freedom°^ Expected mean squares 
2 2 Environments 1 a + RVa^ 
a 
2 Replications/Env. 28 a 
Entries 9 + Ra^ + RL 
Populations 3 + ROp^ + RL Kp 
Linear 1 + ROp^ + RL 
Quadratic 1 + ROp^ + RL 
Cubic 1 + ROp^ + RL Kg 
Populations vs Pop. o o o 
crosses 1 a, + Ro__, + RL K 
Population crosses 5 + Ro?, + RL 
b PCL PC 
b + a°CL + KL Kc 
General combining 
ability 3 + R(p-2) (^) + RL(p-2) (^) Zgf 
Table 8 (Continued) 
Expected mean squares 
"b * *(p(p-3)'"SL 
"b + 
"b + 
)o2L + RL( 2 
p(p-3)^i<j®ij 
"b + *°PCL 
"b + «"CL 
"b + '^'"GL 
Source of variation 
Specific combining 
ability 
Entries x Environments 
Populations x Env. 
Pop. vs Pop. crosses 
X Env. 
Pop. crosses x Env. 
g.c.a. X Env. 
s.c.a. X Env. 
Degrees of 
freedom 
Pooled error 252 
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EXPERIMENTAL RESULTS 
Evaluation for resistance to development of stalk rot from 
artificial inoculations 
The analysis of variance for stalk rot ratings of four 
Lancaster populations and three single-cross checks, data ob­
tained in two environments, is presented in Table 9. In the 
combined analysis, the estimates of error variances were 
assumed to be homogeneous for all environments in which the 
experiments were conducted. This assumption was valid accord­
ing to Bartlett's test of homogeneity of variance as given by 
Snedecor (1956) . F-values were calculated to test the devia­
tion of the variance components from zero. A significant dif­
ference at the 1% level of probability was detected for popu­
lations. The F-tests for components in the orthogonal poly­
nomials indicated that variation attributable to linear and 
quadratic regressions deviated significantly from zero at the 
1% and 5% level of probability, respectively. Although there 
was a significant parabolic regression for mean stalk rot 
ratings of the four Lancaster populations, the linear regression 
accounted for 98.1% of the total variation. The first-order 
interaction, entries x environments, did not deviate from zero; 
however, a significant difference at the 1% level of probabil­
ity was found for checks x environments. This difference was 
attributed to a limited spread of stalk rot in an early 
maturing and stalk-rot susceptible hybrid check, 0s420 x 187-2, 
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in 1965 in which there was a moisture stress over a period 
of four weeks between July and August. 
Table 9. Analysis of variance for stalk rot ratings of four 
Lancaster populations and three single-cross checks 
obtained in two environments 
Source of variation D.F. M.S. 
Environments 1 0.05 
Replications/environment 18 0.37 
Entries 6 14.94** 
Populations 3 16.42** 
Linear 1 48.33** 
Quadratic 1 0.57* 
Cubic 1 0.36 
Checks 2 18.36* 
Populations vs checks 1 3.66 
Entries x environments 6 0.24 
Populations x environments 3 0.04 
Checks X environments 2 0.65** 
Populations vs checks x 
environments 1 0.04 
Pooled error 108 0.11 
••Significant at the 1% level. 
•Significant at the 5% level. 
The data on mean stalk rot ratings of four Lancaster 
populations and three single-cross checks, the percent of ob­
served genetic advance, and the percent of expected genetic 
advance are shown in Table 10. For the average of two environ­
ments, a significant shift of mean stalk rot ratings toward 
resistance was achieved during successive cycles of recurrent 
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selection. Mean stalk rot ratings were changed from 3.7 in 
Lancaster CQ to 3.0 in Lancaster 2.1 in Lancaster Cgr 
and 1.7 in Lancaster . The average gain for stalk rot 
resistance from recurrent selection was 0.7 per cycle. This 
estimate was similar to the one obtained by a linear regression 
technique in which the calculated regression coefficient was 
-0.7. 
The expectation of genetic advance was calculated ac­
cording to the formula given by Allard (1960, p. 92) where 
Gg = (k) (0%)(H) 
and where 
Gg = the expectation of genetic advance under selection 
which measures the difference between the mean 
genotypic value of the q selected lines and the 
mean genotypic values of the original lines. 
k = a selection differential which takes into account 
the mean phenotypic value of the q selected lines, 
the mean phenotypic value for all n lines tested, 
the phenotypic standard deviation, and the strin­
gency of the selection q/n. 
0^ = the phenotypic standard deviation of the mean stalk-
rot ratings of the n original lines. 
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H = the heritability coefficient, estimated as the 
ratio formed by dividing the genotypic by the 
phenotypic variance. 
The estimates of genotypic and phenotypic variance for 
each cycle of recurrent selection were obtained by equating 
the observed to the expected mean squares in the appropriate 
analysis of variance as given in Tables 1 , 2 ,  and 3. Then, 
the coefficient of heritability in a broad sense was estimated 
2 
a Si lines 
by —= 5 . Selection differentials and heri-
o „ lines + a error 
^1 
tability coefficients expressed in percentage for each cycle 
of recurrent selection for stalk rot resistance are shown in 
Table 4. The observed genetic advance was -20.3%, -29.5%, and 
-19.7% for cycles 1,2, and 3, respectively. (The negative 
sign indicated the decrease in mean stalk rot ratings during 
successive cycles). The same trend was obtained for the per­
centage of expected genetic advance. The expected genetic 
advance was greater in magnitude than the observed genetic 
advance except for the first cycle in which the reverse was 
true. The lower estimate of the expected genetic advance in 
the first cycle may be the result of a low frequency of genes 
for resistance to Diplodia stalk rot in the original popula­
tion. The values of the observed and expected genetic ad­
vance indicate that the selection was most effective in the 
second cycle in which the frequency of genes for resistance 
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Table 10, 
Entry 
Mean stalk rot ratings of four Lancaster popula­
tions and three single-cross checks, the percent 
of observed genetic advance, and the percent of 
expected genetic advance 
Mean stalk rot ratings 
1964 1965 Average 
Genetic advance 
Observed 
(%) 
Expected 
(%) 
B14A X C103 
B14 X Oh41 
0s420 X 187-2 
3.7 3.7 3.7 —  —  —  . .  —  —  —  
2.9 3.0 3.0 -20.3 -11.9 
2.1 2.1 2.1 -29.5 -32.0 
1.6 1.8 1.7 -19.7 -26.2 
1.1 1.3 1.2 —  — —  —  
2.6 2.8 2.7 —  — —  
3.2 2.7 2.9 — — — — — » 
had been increased up to a level at which maximum genetic 
variance was attained. The decrease in the values of the 
genetic advance in the third cycle may be explained on the 
basis of the skewness of the distribution of mean stalk rot 
ratings of the population toward resistance and hence a de­
crease of the genetic variance. 
The analysis of variance for stalk rot ratings of the 
test-cross progenies of four Lancaster populations with two 
single-cross testers, WF9 x Hy and 0s420 x 187-2, from an ex­
periment at Ames in 1965 is given in Table 11. Statistical 
F-tests indicated significant differences at the 1% level 
of probability for populations and populations x testers. 
Most of the variation for stalk rot ratings in the populations 
was explained by the single comparison, linear regression. 
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which was significant at the 1% level of probability. The 
result from an average of the two testers suggested that mean 
stalk rot ratings decreased linearly with the advance in 
cycles of selection. A significant difference was detected 
at the 1% level of probability for populations-linear x 
testers. This interaction indicated that the linear regres­
sion coefficients were different for the two types of testers. 
The data on mean stalk rot ratings of the test-cross 
progenies and three single-cross checks, and the observed per­
centage of genetic advance are shown in Table 12. A better 
spread in mean stalk rot ratings among the four Lancaster 
populations was obtained when a susceptible single-cross, 
0s420 X 187-2, was used as the tester parent. A lesser spread 
in mean stalk rot ratings obtained from WF9 x Hy, intermediate 
in resistance, might have been anticipated on the basis of 
the masking effect of dominance for resistance in the geno­
type of the tester parent. From average of the two types of 
testers, CQ, C^, Cg, and had stalk rot rating scores of 
3.5, 3.1, 2.8, and 2.6, respectively. The observed genetic 
advance was decreased from -13.4% in cycle 1 to -8.2% in 
cycle 2, and to -7.9% in cycle 3. The gain observed from re­
current selection for stalk rot resistance for an average over 
two types of testers was 0.3 per cycle. The estimate of gain 
in stalk rot resistance per cycle of recurrent selection was 
calculated also by employing a linear regression technique. 
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Table 11. Analysis of variance for stalk rot ratings of 
the test-cross progenies of four Lancaster popula­
tions with two single-cross testers at Ames in 1965 
Source of variation D.F. M.S. 
Replications 9 0.48** 
Entries 10 3.42** 
Populations 3 3.31** 
Linear 1 9.58** 
Quadratic 1 0.32 
Cubic 1 0.03 
Testers 1 0.31 
Populations x testers 3 0.55** 
X T 1 1.62** 
Pq X T 1 0.00 
Pc X T 1 0.04 
Checks 2 8.32** 
Populations vs checks 1 5.71** 
Error 90 0.12 
C.V. 12.3% 
••Significant at the 1% level. 
Table 12. Mean stalk rot ratings and observed genetic advance 
for the test-cross progenies of four Lancaster popu­
lations with two single-cross testers grown at Ames 
in 1965 
Mean stalk rot ratings Observed genetic 
WF9xHv Os420xl87-2 Average advance (%) 
o
 
o
 w
 
3.7 3.5 — — 
C^ 3.1 w
 
0
 
3.1 -13.4 
C g  2 . 9  to
 
2.8 1
 
00
 
to
 
C3 2.8 2.3 2.6 - 7.9 
B14A X C103 1.4 
B14 X Oh41 w
 
0
 
0s420 X 187-2 — — 3.1 — — 
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The average regression coefficient was -0.3; -0.2 for WF9 x Hy 
and -0.4 for 0s420 x 187-2. These data indicate that the sus­
ceptible single-cross hybrid, 0s420 x 187-2, was more effective 
as the tester parent in evaluating the genotypes of the four 
Lancaster populations with respect to Diplodia stalk rot re­
sistance. 
The analysis of variance for stalk rot ratings of four 
Lancaster populations and six population crosses from an ex­
periment grown at Ames in 1965 is presented in Table 13. 
Significant differences were detected for populations and 
population crosses at the 1% level of probability, and for 
populations vs population crosses at the 5% level of probabil­
ity. The variation among populations attributable to the 
Table 13. Analysis of variance for stalk rot ratings of four 
Lancaster populations and six population crosses at 
Ames in 1965 
Source of variation D .F. M.S. 
Replications 14 0.23** 
Entries 9 6.46** 
Populations 3 12.43** 
Populations vs population 
crosses 1 0.31* 
Population crosses 5 4.11** 
General combining ability 3 6.79** 
Specific combining ability 2 0.09 
Error 126 0.07 
C.V. 9.4% 
••Significant at the 1% level. 
•Significant at the 5% level. 
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three comparisons in the orthogonal polynomials was similar to 
those obtained from the case of populations per se, so the 
partitioning will not be presented here and in future cases. 
The difference for populations vs population crosses indicated 
that heterosis was operative for the character under study. 
With regard to the combining ability analysis, variation 
attributable to general combining ability deviated significant­
ly from zero at the 1% level of probability, but variation 
due to specific combining ability was not significant. These 
data obtained from a single environment suggest that the 
additive type of gene action was of relatively greater im­
portance than the non-additive for Diplodia stalk rot resis­
tance. 
Mean stalk rot ratings of four Lancaster populations, 
six population crosses, and the percent of observed genetic 
advance are shown in Table 14. Stalk rot ratings for CQ, C^, 
Cgf and Cg were 3.9, 3.2, 2.2, and 1.9, respectively. For 
average of the three crosses involving each population, CQ, 
C2» and had mean stalk rot ratings in the following 
order, 3.3, 3.0, 2.7, and 2.6. Using an estimate of the 
standard error of 0.07 as a criterion for the comparison, three 
of the six population crosses, Cg x C^, x C^, and x Cg 
were equal to their respective mid-parents in mean stalk rot 
ratings. The remaining three population crosses, CQ X Cgf 
CQ X Cg, and C^ x C^, had mean stalk rot ratings higher than 
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their respective mid-parents. However, none of the popula­
tion crosses had mean stalk rot ratings as high as the higher 
rating parent. The relative gain in resistance per cycle of 
selection obtained from average of the three crosses was simi­
lar to the one calculated by a linear regression technique 
in which the regression coefficient was -0.2. The observed 
genetic advances for cycles 1,2, and 3 were -10.0%, -8.8%, 
and -4.8%, respectively. 
Table 14. Mean stalk rot ratings of four Lancaster popula­
tions (diagonal) and six population crosses ob­
tained at Ames in 1965 
Popula- C„ 
tion 
=1 =2 S Average three crosses 
Observed genetic 
advance (%) 
o
 
o
 w
 
3.6 3.2 3.1 3.3 — — 
=1 3.2 2.8 2.5 3.0 
o
 
0
 
1—1 1 
=2 2.2 to
 
M
 
2.7 - 8.8 
=3 1.9 2.6 - 4.8 
Table 15. Estimates of general combining ability effects _ 
(g\) and general combining ability variances (# ^  ) 
associated with each population for mean stalk ^ 
rot ratings 
Population 9i 
+0.61 0.37 
=1 +0.13 0.01 
=2 -0.27 0.07 
o
 
LJ
 
-0.47 0.22 
S.E.(g. - g ) 
1 J 0.07 
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Estimates of general combining ability effects and general 
combining ability variances associated with each population 
for mean stalk rot ratings are given in Table 15. The esti­
mates of general combining ability effects indicated that the 
average performance in Diplodia stalk rot of each population 
in hybrid combination was shifted toward resistance during 
successive cycles of recurrent selection. 
One hundred lines were sampled from each of the two 
populations, CQ and to obtain the distribution for mean 
stalk rot ratings, and to estimate the total genetic variance 
associated with each population. The analysis of variance for 
stalk rot ratings of 200 lines and 8 entries of the four 
inbred checks is presented in Table 16. Variation among 
lines from CQ, lines from Cg, and lines from CQ VS 
lines from deviated significantly from zero at the 1% level 
of probability. Estimates of total genetic variances for 
resistance to Diplodia stalk rot in Lancaster CQ and Lancaster 
were 0.19 and 0.26, respectively. The frequency distribu­
tion of mean stalk ratings averaged over three replications 
for 100 lines from Lancaster CQ and 100 lines from 
Lancaster C^ are shown graphically in Figure 1. For lines 
from Lancaster CQ, stalk rot ratings ranged from 3.0 to 5.1 
with a mean of 4.1. For lines from Lancaster C^, stalk rot 
ratings had a range of 1.0 to 3.7 and a mean of 2.4. Mean 
ratings for inbred checks, B14, WF9, Hy, and Oh41, were 2.4, 
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3.3, 4.0, and 4.0, respectively. Evidently, three cycles of 
recurrent selection for Diplodia stalk rot resistance were 
effective in separating Lancaster from the original popu­
lation. 
Table 16. Analysis of variance for stalk-rot ratings of S, 
lines from Lancaster and Lancaster C, at 
Ames in 1965 
Source of variation D.F. M.S. 
Replications 2 0.06 
Entries 207 3.02** 
S^ lines from Cg 99 0.71** 
S^ lines from 99 0.91** 
CQ VS CJ 1 452.82** 
Residuals 8 1.41** 
Error 414 0.12 
C.V. 10.8% 
••Significant at the 1% level. 
Evaluations for strength, length, long diameter, and short 
diameter of the stalks at the second elongated internode above 
ground level 
The strength, length, long diameter, and short diameter 
of the stalk at the second internode above ground were eval­
uated for four Lancaster populations and three single-cross 
checks in experiments at Ames in 1964 and 1965. The combined 
analyses of variance of the data are presented in Tables 17, 
18, 19, and 20, respectively. Mean data for the afore-mentioned 
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characters obtained from averages of five replications, four 
dates, and two environments are given in Table 21. For the 
combined analyses, Bartlett's test of homogeneity of variances 
for main-plot and sub-plot errors were conducted for all the 
characters. In all instances, the estimates of error variances 
from two random environments were considered homogeneous. 
For stalk strength, significant differences were detected 
for dates (P < 0.05), populations (P < 0.01), and populations 
X dates (P < 0.05). There was a significant linear decrease 
in strength when the stalks were evaluated at 4,6,8, and 10 
weeks after the silks had been emerged. The effect of senes­
cence of corn plants on strength of the stalks is illustrated 
graphically in Figure 2. The rate of decrease in stalk 
strength was determined for each population by the method of 
linear regression. The coefficients of regression for CQ, C^, 
Cg, and Cg were -4.3, -4.2, -5.8, and -7.7, respectively. To 
determine the most effective date for evaluation of stalk 
strength, F values for entries were calculated for each set 
of dates in the main plot. The F values for entries at 4,6,8, 
and 10 weeks were 57.6, 35.6, 28.3, and 27.2, respectively. 
Stalk strength evaluated at any of the four dates yielded 
comparable results; however, the magnitude of the F values 
indicated greater differentiation at the earlier dates. 
Evaluations for resistance to mechanical stalk breakage were 
confounded by increases of natural stalk rot and field stalk 
Figure 1. Frequency distributions of stalk rot ratings of 100 S, 
lines from CQ and 100 lines from the data ob­
tained in an experiment at Ames in 1965 
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lodging at the later dates. 
Most of the variation among populations for stalk strength 
may be explained by the linear regression (P < 0.01), but the 
mean square for the cubic component was highly significant. 
Mean values in pounds for stalk strength of the populations 
were, CQ - 49.3, - 64.6, - 94.3, and Cg - 103.7. The 
observed advances in stalk strength were 31.0%, 46.0%, and 
10.0% in cycles 1,2, and 3, respectively. These values ex­
plain the occurrence of a significant cubic trend. The asso­
ciated gain in stalk strength was 18.1 pounds per cycle. As 
an average over all dates, the estimated gain in stalk strength 
expressed as the coefficient of linear regression was 19.3 
pounds. The small deviation between the observed and esti­
mated gain was due to the curvilinear effect. Calculated 
linear regression coefficients for the increase of stalk 
strength from CQ to C^ for the four successive sampling dates 
were 22.0, 22.1, 17.2, and 15.8. The differences among 
these coefficients were significant at the 5% level of probabil­
ity as indicated by the interaction populations-linear x dates. 
Differences among the four Lancaster populations were consistent 
over the two environments as indicated by the non-significant 
F value for populations x environments. 
The mean internode length decreased from 15.5 centimeters 
in the original CQ population to 14.7 centimeters in Cg, but 
the change was not great enough to give significance in the 
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Table 17. Analysis of variance for mean stalk strength of 
the second elongated internode above ground 
evaluated at 4,6,8, and 10 weeks after silking 
for four Lancaster populations and three single-
cross checks grown at Ames in 1964 and 1965 
Source of variation D.F. M.S. 
Environments 1 4899.88** 
Replications/environment 8 329.12 
Dates 3 14474.69* 
Linear 1 42231.61** 
Quadratic 1 1120.36 
Cubic 1 72.10 
Dates X environments 3 698.62* 
Pooled error (b) 24 198.04 
Entries 6 58340.34** 
Populations 3 25674.91** 
Linear 1 74260.80** 
Quadratic 1 339.42 
Cubic 1 2424.52** 
Checks 2 115849.91* 
Populations vs checks 1 41317.51 
Entries x environments 6 1220.69** 
Populations x environments 3 66.37 
Checks X environments 2 1977.16** 
Populations vs checks x 
environments 1 3170.67** 
Entries x dates 18 513.01** 
Populations x dates 9 275.33* 
P X D 3 519.39* 
X D 3 178.28 
pg X D 
Checks X dates 
3 128.32 
6 1089.37 
Populations vs checks x dates 3 73.35 
Entries x dates x environments 18 152.41** 
Populations x dates x environments 9 79.02 
Checks X dates x environments 6 302.37** 
Populations vs checks x dates x 
environments 3 72.64 
Pooled error (c) 192 61.83 
**Significant at the 1% level. 
•Significant at the 5% level. 
Figure 2. Mean values for stalk strength of four Lan­
caster populations and three single-cross 
checks evaluated at 4,6,8, and 10 weeks after 
silk emergence, the data obtained in experi­
ments at Ames in 1964 and 1965 
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analysis of variance (Table 18). The long diameter increased 
from 2.9 centimeters in the CQ population to only 3.0 centi­
meters in the a non-significant change (Table 19). Signifi­
cant differences at the 1% level of probability were detected 
for populations x environments in both characters. Estimates 
for populations x dates x environments were significantly 
different from zero (P < 0.01) only in the case of internode 
length. 
Table 18. Analysis of variance for length of the second 
elongated internode above ground evaluated at 4 , 6 ,  
8, and 10 weeks after silking for four Lancaster 
populations and three single-cross checks grown 
at Ames in 1964 and 1965 
Source of variation D.F. M.S. 
Environments 1 17.36* 
Replications/environment 8 2.24 
Dates 3 12.30 
Linear 1 12.26 
Quadratic 1 19.66 
Cubic 1 4.98 
Dates X environments 3 4.74** 
Pooled error (b) 24 0.79 
Entries 6 36.05** 
Populations 3 8.66 
Linear 1 21.83 
Quadratic 1 0.83 
Cubic 1 3.33 
Checks 2 68.50* 
Populations vs checks 1 53.21 
Entries x environments 6 2.71** 
Populations x environments 3 2.63** 
Checks X environments 2 2.53** 
Populations vs checks x 
environments 1 3.30** 
Entries x dates 18 0.53 
•Significant at the 5% level. 
**Significant at the 1% level. 
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Table 18 (Continued) 
Source of variation D .F. M.S. 
Populations x dates 9 0.46 
Checks X dates 6 0.50 
Populations vs checks x dates 3 0.82 
Entries x dates x environments 18 0.75** 
Populations x dates x 
environments 9 1.24** 
Checks X dates x environments 6 0.25 
Populations vs checks x dates 
X environments 3 0.30 
Pooled error (c) 192 0.29 
Table 19. Analysis of variance for long diameter of the second 
elongated internode above ground evaluated at 4,6,8, 
and 10 weeks after silking for four Lancaster popu­
lations and three single-cross checks grown at Ames 
in 1964 and 1965 
Source of variation D .F. M.S. 
Environments 1 1.6234** 
Replications/environment 8 0.0144 
Dates 3 0.0589* 
Linear 1 0.1690* 
Quadratic 1 0.0050 
Cubic 1 0.0027 
Dates X environments 3 0.0056 
Pooled error (b) 24 0.0076 
Entries 6 0.2399* 
Populations 3 0.1087 
Linear 1 0.1726 
Quadratic 1 0.0035 
Cubic 1 0.1499 
Checks 2 0.0490 
Populations vs checks 1 1.0154* 
Entries x environments 6 0.0288** 
Populations x environments 3 0.0239** 
Checks X environments 2 0.0478** 
Populations vs checks x 
environments 1 0.0052 
Entries x dates 18 0.0109 
Populations x dates 9 0.0091 
Checks X dates 6 0.0165 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 19 (Continued) 
Source of variation D .F. M.S. 
Populations vs checks x dates 3 0.0053 
Entries x dates x environments 18 0.0066 
Populations x dates x 
environments 9 0.0063 
Checks X dates x environments 6 0.0051 
Populations vs checks x dates 
X environments 3 0.0106 
Pooled error (c) 192 0.0044 
Table 20. Analysis of variance for short diameter of the 
second elongated internode above ground evaluated 
at 6,8, and 10 weeks after silking for four 
Lancaster populations and three single-cross 
checks grown at Ames in 1964 and 1965 
Source of variation D.: F. M.S. 
Environments 1 0.2189** 
Replications/environment 8 0.0182 
Dates 2 0.1618 
Linear 1 0.2256 
Quadratic 1 0.0981 
Dates X environments 2 0.0173 
Pooled error (b) 16 0.0056 
Entries 6 0.1747** 
Populations 3 0.1794* 
Linear 1 0.3999** 
Quadratic 1 0.0706 
Cubic 1 0.0676 
Checks 2 0.2500 
Populations vs checks 1 0.0100 
Entries x environments 6 0.0181** 
Populations x environments 3 0.0082 
Checks X environments 2 0.0322** 
Populations vs checks x 
environments 1 0.0196* 
Entries x dates 12 0.0096* 
Populations x dates 6 0.0078 
Checks X dates 4 0.0130 
Populations vs checks x dates 2 0.0082 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 20 (Continued) 
Source of variation D.F. M.S. 
Entries x dates x environments 12 0.0035 
Populations x dates x 
environments 6 0.0024 
Checks X dates x environments 4 0.0026 
Populations vs checks x dates 
X environments 2 0.0088 
Pooled error (c) 144 0.0038 
Table 21. Mean strength, length, long diameter, and short 
diameter of the second elongated internode above 
ground for four Lancaster populations and three 
single-cross checks obtained from average of 5 
replications across dates and environments 
Stalk Internode Internode Internode 
strength length long-diameter short-diameter 
(lb) (cm) (cm) (cm) 
=0 49.3 15.5 2.9 2.4 
=1 64.6 15.3 2.9 2.5 
=2 94.3 14.6 3.0 2.6 
(=3 103.7 14.7 3.0 2.6 
B14A X C103 158.2 13.6 3.1 2.5 
B14 X Oh41 98.6 13.2 3.0 2.5 
0s420 X 187-2 50.7 15.7 3.0 2.6 
Measurements for the internode short diameter were ob­
tained for only three dates, 6,8, and 10 weeks after silking. 
The mean values in centimeters for CQ, , and were 2.4, 
2.5, 2.6, and 2.6, respectively. Differences among the popular 
tions were significant at the 5% level of probability and the 
linear trend was highly significant (Table 20). The gain in 
short diameter of the internode associated with the recurrent 
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selection for Diplodia stalk rot resistance was 0.07 centi­
meters per cycle. The calculated linear regression coefficient 
was 0.07. Non-significant differences were obtained for 
populations x environments and populations x dates x environ­
ments . 
Table 22. Analysis of variance for stalk strength at the 
second elongated internode above ground level for 
the test-cross progenies of four Lancaster popula­
tions with two single-cross testers grown at Ames 
in 1965 
Source of variation D.F. M.S. 
871.49** 
5201.23** 
1400.35** 
1 3346.16** 
1 776.51** 
1 78.37 
8418.94** 
201.43 
1 531.26* 
1 54.94 
1 18.09 
15794.82** 
7198.43** 
93.05 
14.8% 
Replications 
Entries 
Populations 
Linear 
Quadratic 
Cubic 
Testers 
Populations x testers 
P, X T 
X T 
P^ X T 
Checks 
Populations vs checks 
Error 
C.V. 
9 
10 
1 
3 
2 
1 
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••Significant at the 1% level. 
•Significant at the 5% level. 
The analysis of variance for stalk strength of the test-
cross progenies of four Lancaster populations with two testers, 
WF9 X Hy and 0s420 x 187-2, from an experiment at Ames in 1965 
is presented in Table 22. Deviations from zero were detected 
for populations -linear (P < 0.01), populations-quadratic 
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(P < 0.01), testers (P < 0.01), and populations-linear x 
testers (P < 0.05). 
Table 23. Mean stalk strength at the second elongated internode 
above ground level for the test-cross progenies of 
four Lancaster populations with two single-cross 
testers grown at Ames in 1965 
Entry Mean stalk WF9 X Hy 
strength (lb) 
0s420 X 187-2 Average 
Co 
I—1 m
 
m
 42.7 48.9 
Cl 68.4 49.8 59.1 
^2 80.5 54.7 67.6 
C3 78.0 52.7 65.4 
B14A X C103 — 111.7 
B14 X Oh41 — — — —  89.1 
0s420 X 187-2 34.4 
Mean values for stalk strength of the test-cross progenies 
are given in Table 23. The presence of the parabolic regression 
suggested that a plateau for stalk strength was reached with 
the Cg population. As an average over two testers, CQ, , 
Cg had mean stalk strength in pounds of 48.9, 59.1, 67.6, and 
65.4, respectively. The observed advances in stalk strength 
for cycles 1,2, and 3 were in the following order, 20.9%, 
14.3% and 0.0%. The observed gain in stalk strength per cycle 
was 5.5 pounds. The expected gain per cycle expressed as the 
linear regression coefficient was 5.8. There is a small bias 
upward in the expected gain because of the significant deviation 
detected for the quadratic component. Differences in stalk 
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strength between and were absent with both testers. 
The progenies with WF9 x Hy as the tester parent had greater 
stalk strength than the progenies with 0s420 x 187-2 as the 
tester parent. Also, the spread in stalk strength among CQ, 
C^, and Cg was greater when WF9 x Hy was used as the tester 
parent. The significant first-order interaction, populations-
linear X testers, shows different estimates of rate of in­
crease in stalk strength per cycle for the two testers. 
Tester WF9 x Hy yielded a regression coefficient of 8.1 while 
an estimate of 3.5 was obtained for 0s420 x 187-2. 
The analysis of variance for stalk strength at the 
second elongated internode above ground for four Lancaster 
populations and six population crosses from an experiment at 
Ames in 1965 is given in Table 24. Significant deviations 
from zero were detected for populations and population crosses 
at the 1% level of probability. Heterotic response for stalk 
strength was not observed as indicated by a non-significant 
difference for populations vs population crosses. Variation 
for general combining ability which predominated the total 
sum of squares for population crosses was significantly dif­
ferent from zero at the 1% level of probability. Variation 
attributable to specific combining ability was explained 
merely on the basis of random chance. The result from the 
combining ability analysis indicated a greater importance of 
the additive type of gene action relative to the non-additive 
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Table 24. Analysis of variance for stalk strength of four 
Lancaster populations and six population crosses 
grown at Ames in 1965 
Source of variation D.F. M.S. 
Replications 14 107. 82 
Entries 9 3437. 18** 
Populations 3 6111. 27** 
Populations vs population crosses 1 4. 54 
Population crosses 5 2519. 26** 
General combining ability 3 4036. 95** 
Specific combining ability 2 242. 73 
Error 126 81. 28 
C.V. 14. 2% 
••Significant at the 1% level. 
•Significant at the 5% level. 
gene action for resistance to the mechanical stalk breakage. 
The data on mean stalk strength of four Lancaster popu­
lations and six population crosses are shown in Table 25. As 
an average of the three crosses for each population, CQ, 
Cg, and Cg had stalk strength of 52.9 pounds, 62.8 pounds, 
66.8 pounds, and 70.9 pounds, respectively. On the basis of 
an estimated standard error of 2.33, two population crosses, 
CG X and x Cg, had mean stalk strength higher than their 
respective mid-parents; two crosses, x Cg and Cg x C^, were 
equal to their respective mid-parents in stalk strength, and 
the remaining two crosses, CQ X Cg and CQ X Cg, had mean stalk 
strength less than their respective mid-parents. Two of the 
six population crosses, CQ X C^ and Cg x C^, had mean stalk 
strength equal to their higher parents. The observed genetic 
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Table 25. Mean stalk strength at the second elongated inter-
node above ground level for four Lancaster popula­
tions (diagonal) and six population crosses ob­
tained at Ames in 1965 
Population S Cl S S 
Average 
3 crosses 
=0 40.9 50.0 52.1 56.5 52.9 
52.6 65.3 73.2 62.8 
79.5 83.0 66.8 
=3 81.8 70.9 
Table 26. Estimates of general combining ability effects % 
(g^) and general combining ability variances (8 ) 
associated with each population for mean stalk "i 
strength 
Populations 9i 
S -15.75 +245.72 
Gl - 0.77 - 1.45 
C2 + 5.18 + 24.80 
C3 +11.33 +126.34 
S.E. (g^ - tj) 2.33 
advance in stalk strength determined from average of the three 
crosses were 18.9%, 6.3%, and 6.1% for cycles 1,2, and 3, 
respectively. The realized gain in stalk strength from in­
direct selection was 6.0 pounds per cycle while the estimated 
regression coefficient was 5.8. The associated improvement in 
strength of the stalk following recurrent selection for resis­
tance to Diplodia stalk rot was indicated also by estimates of 
general combining ability effects as shown in Table 26. 
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Evaluation for crushing strength, rind thickness, and weight 
of 2-inch section of dry stalk at the second elongated inter-
node above ground level 
Analyses of variance for crushing strength, rind thickness, 
and weight of a 2-inch section of dry stalk at the second elon­
gated internode above the ground for four Lancaster populations, 
six population crosses, and three single-cross checks are pre­
sented in Table 27. Means for the above characters are given 
in Table 28. For all characters, estimates of variances among 
populations were significantly different from zero (P < 0.01), 
while non-significant differences were detected for populations 
vs population crosses. Estimates of variation among popula­
tion crosses for crushing strength and rind thickness did not 
deviate from zero, whereas, the estimates for weight were sig­
nificant at the 1% level of probability. 
For crushing strength, the variation among populations 
attributable to linear and quadratic regressions were signifi­
cantly different from zero at the 1% and 5% level of probabil­
ity, respectively. Thus, the increase in crushing strength 
for the four Lancaster populations tended to be parabolic. 
The observed genetic advance, based on means of the popula­
tions per se, were 12.0%, 8.2% and 0.0% for cycles 1,2, and 3, 
respectively. On the same basis, the rate of increase observed 
per cycle was 23.2 pounds while the estimate from linear 
regression gave the coefficient of 25.6. The expected gain was 
87 
Table 27. Analyses of variance for crushing strength, rind 
thickness, and weight of 2-inch section of dry 
stalk at the second elongated internode above 
ground for four Lancaster populations, six popula­
tion crosses, and three single-cross checks at 
Ames in 1965 
Mean squares 
Source of variation D.F. Crushing Rind Weight 
strength thickness 
Replications 8 75543 .93** 0 .0178 0 .1038 
Entries 12 13088 .04** 0 .1277** 2 .6684** 
Populations 3 18562 .62** 0 .0795** 3 .0820** 
Linear 1 29595 .74** 0 .1417** 8 .0476** 
Quadratic 1 23714 .97* 0 .0951** 0 .6779* 
Cubic 1 2377 .14 0 .0016 0 .5206* 
Populations vs 
population crosses 1 8193 .28 0 .0076 0 .0011 
Population crosses 5 3555 .02 0 .0033 1 .1224** 
General combining 
ability 3 4470 .78 0 .0045 1 .8231** 
Specific combining 
ability 2 2181 .39 0 .0015 0 .0713 
Checks 2 28313 .56** 0 .4731** 6 .9309** 
Checks vs populations 
and population crosses 1 18773 .06* 0 .3240** 3 .3003** 
Error 96 3718 .47 0 .0089 0 .1092 
C.V. 10 .2% 7 .8% 10 .7% 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 28. Means for crushing strength (lb), rind thickness 
(mm), weight (gm) of 2-inch section of dry stalk 
at the second elongated internode above ground for 
four Lancaster populations and six population 
crosses at Ames in 1965 
Populations Average 3 
tions ters S Cl S C3 crosses 
^0 Crushing 
strength 
519.2 567.5 609.2 581.7 586.1 
Rind thickness 1.05 1.14 1.16 1.16 1.15 
Weight 2.3 2.6 2.7 2.8 2.7 
^1 Crushing 
strength 581.7 617.9 610.5 598.7 
Rind thickness 1.22 1.18 1.19 1.17 
Weight 2.7 3.0 3.4 3.0 
S Crushing 
strength 629.1 608.3 611.8 
Rind thickness 1.26 1.18 1.17 
Weight 3.5 3.4 3.1 
C3 Crushing 
strength 
Rind thickness 
Weight 
588.9 
1.22 
3.4 
600.2 
1.18 
3.2 
Crushing 
strength 
Rind 
thickness Weight 
B14A X C103 
B14 X Oh41 
0s420 X 187-2 
657.9 
649.6 
556.9 
1.48 
1.38 
1.04 
4.1 
3.7 
2.4 
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biased upward because of the presence of the quadratic com­
parison. Considering an average of the three crosses for each 
population, the increase in crushing strength from CQ to 
was parabolic also. In this instance, there was a limited 
spread in mean crushing strength among the four populations. 
The observed genetic advances for cycles 1,2, and 3 were 2.1%, 
2.2%, and 0.0%, respectively. The observed gain per cycle was 
4.7 pounds and the estimated regression coefficient was 5.5. 
To test the significance of the deviation of population crosses 
from their respective mid-parents, the estimated standard 
error of 20.3 pounds was used as the criteria for judging the 
differences. On this basis, Cg x C^, x Cg, and x Cg 
did not deviate from their respective mid-parents in crushing 
strength, and x Cg, CQ x C^, and C^ x C^ exceeded their 
respective mid-parents in mean crushing strength. In all 
population crosses except C^ x C^, mean crushing strength did 
not exceed the higher parents. 
For rind thickness, estimates of variation among popula­
tions were attributed to linear and quadratic comparisons at 
the 1% level of probability. The increase in thickness of the 
rind of the four Lancaster populations indicated a linear trend 
and the presence of a parabolic curve. The observed genetic 
advances from the estimated means of the four populations per se 
were 16.2% for cycle 1, 3.3% for cycle 2, and 0.0% for cycle 3. 
The gain in thickness observed per cycle was 0.06 millimeters. 
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A similar estimate was obtained by a linear regression method 
in which the coefficient was 0.06. Considering the average 
of the three crosses of each population, the observed genetic 
advances for cycles 1,2, and 3, were in the following order, 
1.7%, 0.0%, and 0.9%. On the same basis, the rate of in­
crease in thickness observed per cycle was 0.01 millimeters 
which was similar to the one estimated by the linear regression 
technique. To test the significance of the deviation of 
population crosses from their respective mid-parents, the 
estimated standard error of 0.03 millimeters was used as the 
criteria for judging the differences. On this basis, CQ X C^, 
Cg X Cg, CQ X C^, and x were regarded as equal in rind 
thickness to their respective mid-parents. The remaining 
two crosses, x and Cg x C^, had rind thickness less than 
their respective mid-parents. In comparison to their higher 
parents, x Cg was considered equal whereas the remaining 
population crosses were less. 
For weight of the 2-inch section, variation among popula­
tions was explained by all of the three comparisons, linear 
(P < 0.01), quadratic (P < 0.05), and cubic (P < 0.05). Thus, 
the increase in weight of the 2-inch section from CQ to 
was curvilinear. Considering means of the populations per se, 
the observed genetic advances were 21.2%, 27.4%, and 0.0% for 
cycles 1,2, and 3, respectively. The observed gain in weight 
per cycle was 0.4 grams and this was similar to the estimated 
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Table 29. Estimates of general combining ability effects g 
(g.) and general combining ability variances (8 ) 
associated with each population for weight of ^i 
2-inch section 
Populations Si 
Co -0.43 +0.1804 1—I o
 
0
 1 -0.0044 
=2 +0.12 +0.0087 
^3 +0.33 +0.1011 
S.E. - 9j) 0.01 
coefficient of the linear regression. For average of the 
three crosses of each population, the observed genetic advances 
for cycles 1,2, and 3, were 10.4%, 2.7%, and 4.6%, respectively. 
The observed gain and the estimated gain from linear regression 
coefficient gave similar rates of increase of 0.2 grams per 
cycle. Using an estimated standard error of 0.11 grams, 
Cg X C^, Cg X Cg, X Cg, and x Cg were considered equal in 
weight to their respective mid-parents. Population cross, 
CQ X Cg, was less than the mid-parent in weight while the cross, 
Ci X Cg, was considered greater. In comparison with the higher 
weight parents, CQ x C^, CQ x Cg, CQ x Cg, and C^ x Cg were 
regarded as less, whereas, C^ x C^ and Cg x C^ were considered 
equal. 
The variation in weight of the 2-inch section among popu­
lation crosses was attributed mainly to general combining 
ability which deviated significantly from zero at the 1% level 
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of probability. The general combining ability effects and 
general combining ability variances associated with each popula­
tion were estimated and are given in Table 29. The estimates 
of general combining ability effects indicated a significant 
increase in average weight performance for CQ, and 
in the hybrid combinations. The magnitude of the esti­
mated variance for general combining ability indicated that 
the additive gene effects were of greater importance than the 
non-additive effects in conditioning weight of the 2-inch 
section of dry stalks. 
Evaluations for plant and ear height, natural stalk rot, field 
stalk and root lodging, grain yield, and maturity 
Combined analyses of variance for experiments at Ames 
and Ankeny in 1964 and 1965 of four Lancaster populations and 
three single-cross checks are given in Table 30 for plant and 
ear height, in Table 31 for natural stalk rot and field stalk 
lodging, and in Table 32 for yield, grain moisture, and silking 
date. For ear height, the available data for the combined 
analysis were from Ames and Ankeny in 1965. The combined 
analysis for root lodging was not included because of the zero 
observations for most entries at both locations in 1965. For 
the combined analyses, estimates of error variance were assumed 
homogeneous for all environments. This assumption was not 
valid except for yield and ear height. However, the combined 
analyses were completed for those characters in which there 
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was no homogeneity of error variances. Means for the above-
mentioned characters of four Lancaster populations are pre­
sented in Table 33, observed genetic advances in Table 34, and 
the observed gain per cycle and the expected gain in terms df 
linear regression coefficients in Table 35. 
The variation among populations was significantly dif­
ferent from zero at the 1% level of probability for all charac­
ters except ear height and yield of grain. Estimates of 
variance for the linear comparison deviated from zero at the 
1% level of probability for plant height, natural stalk rot, 
field stalk lodging, grain moisture, and silking date, whereas, 
this estimate for ear height was significant at the 5% level. 
The variances of the quadratic comparison were significantly 
different from zero at the 1% level of probability only for 
plant height and grain moisture. A significant difference was 
detected for the cubic comparison in the case of plant height. 
For all characters except ear height and grain moisture, esti­
mates of the populations x environments variance were signifi­
cantly different from zero at the 1% level of probability. 
Significant population x environment interactions were caused 
by variation in the magnitude of mean values and a change in 
the relative ranking of Cg and in some instances. 
The data show a linear change in means of the four Lancas­
ter populations for ear height, natural stalk rot, field stalk 
lodging, and silking date in association with recurrent selection 
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Table 30. Combined analyses of variance for plant and ear 
height for four Lancaster populations and three 
single-cross checks grown in experiments at Ames 
and Ankeny in 1964 and 1965 
Source of variation Plant height Ear height 
D.F. M.S. D.F. M.S. 
Environments 3 14343.47** 1 3841 .96** 
Replications/environment 36 366.39 18 178 .94 
Entries 6 6287.31** 6 1161 .86** 
Populations 3 5439.59** 3 462 .04 
Linear 1 14073.39** 1 1165 .54* 
Quadratic 1 1488.40** 1 12 .64 
Cubic 1 756.99* 1 207 .94 
Checks 2 5207.39** 2 1950 .33* 
Populations vs checks 1 10990.33* 1 1684 .40 
Entries x environments 18 249.77** 6 73 .36* 
Populations x environments 9 121.11** 3 56 .11 
Checks X environments 6 402.65** 2 37 .64 
Populations vs checks x 
environments 3 329.99** 1 196 .53** 
Pooled error 216 41.18 108 26 .14 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 31. Combined analyses of variance for natural stalk 
rot and field stalk lodging for four Lancaster 
populations and three single-cross checks grown in 
experiments at Ames and Ankeny in 1964 and 1965 
Mean squares 
Source of variation D.F. Natural Field stalk 
stalk rot lodging 
Environments 3 7971 .63** 5591 .21** 
Replications/environment 36 52 .66 64 .91 
Entries 6 5759 .64** 4253 .48** 
Populations 3 1777 .23** 688 .81** 
Linear 1 4899 .81** 1987 .27** 
Quadratic 1 312 .48 76 .87 
Cubic 1 119 .41 2 .30 
Checks 2 12968 .11* 7075 .70* 
Populations vs checks 1 3289 .92** 9303 .02** 
Entries x environments 18 707 .55** 325 .68** 
Populations x environments 9 62 .92** 85 .60** 
Checks X environments 6 1993 .31** 746 .60** 
Populations vs checks x 
environments 3 69 .94* 204 .12** 
Pooled error 216 23 .39 30 .95 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 32. Combined analyses of variance for yield, grain 
moisture, and silking date for four Lancaster 
populations and three single-cross checks grown in 
experiments at Ames and Ankeny in 1964 and 1965 
Mean squares 
Source of variation D.F. Yield Grain Silking 
moisture date 
Environments 3 8396 .24** 531 .25** 3226 .19** 
Replications/environment 36 74 .67 2 .34 3 .74 
Entries 6 1626 .62** 108 .82** 98 .42** 
Populations 3 93 .43 57 .88** 100 .04** 
Linear 1 207 .66 128 .88** 279 .66** 
Quadratic 1 47 .48 43 .79** 2 .76 
Cubic 1 25 .14 0 .96 17 .69 
Checks 2 747 .51 236 .07** 101 .32** 
Populations vs checks 1 7984 .41** 7 .15 87 .76* 
Entries x environments 18 291 .29** 13 .58** 5 .31** 
Populations x environments 9 90 .16** 1 .67 5 .20** 
Checks X environments 6 662 .89** 12 .86** 6 .51** 
Populations vs checks x 
environments 3 151 .46** 50 .74** 3 .24* 
Pooled error 216 18 .29 1 .16 0 .94 
••Significant at the 1% level. 
•Significant at the 5% level. 
Table 33. Mean values for eight characters of four Lancaster populations and 
three single-cross checks, data summarized from experiments at 
Ames and Ankeny in 1964 and 1965 
Character Population 
B14A 
X 
C103 
B14 
X 
Oh41 
0s420 
X 
187-2 S Cl ^2 S 
Plant height (cm) 214. ? 225.3 239 .5 237 .9 225.3 220.9 203.7 
Ear height (cm) 113. 0 114.3 122 .1 121 .8 117.3 115.7 99.4 
Natural stalk rot (%) 61. 3 51.5 39 .5 38 .5 13.9 33.6 66.2 
Field stalk lodging {%) 44. 2 37.1 31 .8 28 .9 8.3 11.9 40.6 
Field root lodging (%) 1. 7 1.9 1 .4 4 .2 0.1 0.1 1.0 
Yield of grain (cwt/acre) 38. 2 38.9 36 .9 35 .5 46.6 53.0 44.8 
Moisture of grain (%) 22. 8 24.8 25 .4 25 .3 25.6 26.9 22.2 
Silking date (from July 15) 15. 6 16.4 18 .5 18 .8 17.5 16.7 14.4 
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Table 34. Observed genetic advance (%) for six characters of 
four Lancaster populations calculated from data ob­
tained in experiments at Ames and Ankeny in 1964 
and 1965 
Character Cycle 
Plant height 4.9 6.3 0.0 
Ear height 1.2 6.8 0.0 
Natural stalk rot -16.0 -23.3 -2.5 
Field stalk lodging -16.1 -14.3 -8.9 
Grain moisture 8.7 2.4 0.0 
Silking date 5.5 12.6 1.8 
Table 35. Average gain per cycle for six characters of four 
Lancaster populations calculated from data obtained 
in experiments at Ames and Ankeny in 1964 and 1965 
Character Gain per cycle 
character Observed Regression 
coefficient 
Plant height (cm) 7.7 8.4 
Ear height (cm) 2.9 3.4 
Natural stalk rot (%) -7.6 -8.0 
Field stalk lodging {%) -5.1 -5.1 
Grain moisture (%) 0.8 0.8 
Silking date (from July 15) 1.1 1.2 
for resistance to Diplodia stalk rot. For plant height and 
grain moisture, mean changes were leveled off in the third 
cycle of selection. No significant change was detected for 
the case of yield; however, a decreasing trend was realized 
after the first cycle. Considering the observed genetic ad­
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vance for various characters, more change was found during 
the second cycle for plant height, ear height, natural stalk 
rot, and silking date, while for field stalk lodging and 
grain moisture, the greatest change occurred in the first 
cycle. (The negative sign for the observed genetic advance 
indicated a decrease in the mean of the character). With 
respect to the rate of gain per cycle, the estimated linear 
regression coefficient for plant height was biased upward 
owing to the presence of curvilinear deviations. 
Combined analyses of variance for the test-cross pro­
genies of four Lancaster populations with two testers, WF9 x 
Hy and 0s420 x 187-2, from experiments at Ames and Ankeny in 
1965 are presented in Table 36 for plant and ear height, in 
Table 37 for natural stalk rot and field stalk lodging, and 
in Table 38 for yield,grain moisture, and silking date. 
Estimates of error variances for the two locations were 
heterogeneous for yield, grain moisture, and silking date; 
however, combined analyses were completed for all characters. 
Means obtained from the average of the two testers for 
various characters are given in Table 39. 
Significant differences among populations were detected 
at the 5% level of probability for plant height, field stalk 
lodging, grain moisture, and silking date. The variation 
among populations for ear height, natural stalk rot, and yield 
of grain did not deviate significantly from zero. Estimates 
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Table 36. Combined analyses of variance for plant and ear 
height of the test-cross progenies of four Lan­
caster populations with two testers grown in ex­
periments at Ames and Ankeny in 1965 
Source of variation D.F. Mean squares Plant 
height 
Ear 
height 
Environments 1 118649.56** 12910.16** 
Replications/environment 18 227.88 55.83 
Entries 10 1866.22** 714.75** 
Populations 3 780.04* 21.16 
Linear 1 2296.39* 39.56 
Quadratic 1 14.76 2.58 
Cubic 1 28.96 21.35 
Testers 1 6633.20* 3574.93* 
Populations x testers 3 34.70 44.80 
P_ X T 1 6.58 92.82 
P^ x T 1 31.51 40.10 
pU X T 1 66.01 1.49 
Checks 2 2704.98 998.69 
Populations vs checks 1 4174.81* 1377.31 
Entries x environments 10 102.05* 44.67* 
Populations x environments 3 82.38 63.12* 
Testers x environments 1 7.06 12.16 
Populations x testers x 
environments 3 14.58 20.07 
Checks X environments 2 349.35** 53.96 
Populations vs checks x 
environments 1 23.90 77.02* 
Pooled error 180 42.91 19.74 
**Significant at the 1% level. 
•Significant at the 5% level. 
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Table 37. Combined analyses of variance for natural stalk 
rot and field stalk lodging of the test-cross 
progenies of four Lancaster populations with two 
testers grown in experiments at Ames and Ankeny 
in 1965 
Mean squares 
Source of variation D .F 
• 
Natural 
stalk rot 
Field stalk 
lodging 
Environments 1 10124.57** 32698.70** 
Replications/environment 18 78.38 67.25 
Entries 10 2482.29** 2035.21** 
Populations 3 232.42 169.16* 
Linear 1 438.70 233.00* 
Quadratic 1 243.00 267.70* 
Cubic 1 15.56 6.77 
Testers 1 3342.68* 497.66 
Populations x testers 3 9.06 18.41 
PL X T 1 16.90 26.64 
PQ X T 1 8.31 1.19 
Pc X T 1 1.96 27.39 
Checks 2 9522.35 8160.87 
Populations vs checks 1 1711.05 2970.00 
Entries x environments 10 212.55** 360.74** 
Populations x environments 3 60.98 12.29 
Testers x environments 1 1.22 12.70 
Populations x testers x 
environments 3 19.17 26.68 
Checks X environments 2 842.60** 1719.53** 
Populations vs checks x 
environments 1 198.65* 38.74 
Pooled error 180 36.98 49.40 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 38. Combined analyses of variance for yield, grain 
moisture, and silking date of the test-cross 
progenies of four Lancaster populations with two 
testers grown in experiments at Ames and Ankeny in 
1965 
Mean squares 
Source of variation D.F . Yield Grain 
moisture 
Silking 
date 
Environments 1 88846.43** 648.79** 17089.64** 
Replications/environment 18 36.61 3.44 7.29 
Entries 10 232.80 37.68** 16.74** 
Populations 3 26.64 10.01* 9.41* 
Linear 1 75.52 5.76* 19.22* 
Quadratic 1 3.74 19.25** 5.62 
Cubic 1 0.66 5.01 3.39 
Testers 1 95.41 0.00 93.03* 
Populations x testers 3 78.52 4.34** 5.14 
X T 1 76.04 0.87 5.12 
Pg X T 1 159.50 9.95** 0.63 
Pg X T 1 0.01 2.19* 9.67 
Checks 2 952.16 143.66** 8.45 
Populations vs checks 1 12.83 46.40 13.80 
Entries x environments 10 97.68** 3.58* 1.79 
Populations x environments 3 57.48 0.50 0.62 
Testers x environments 1 226.45** 2.05 0.10 
Populations x testers x 
environments 3 35.13 0.13 1.55 
Checks X environments 2 197.50** 0.68 4.55* 
Populations vs checks x 
environments 1 77.54 30.46** 2.21 
Pooled error 180 29.28 1.81 1.10 
••Significant at the 1% level. 
•Significant at the 5% level. 
Table 39. Mean values for seven characters of the test-cross progenies of 
four Lancaster populations with two testers, data summarized 
from experiments at Ames and Ankeny in 1965 
Character Average of two testers 
^0 ^1 ^2 C. 
B14A 
K 
C103 
B14 
X 
Oh41 
0s420 
X 
187-2 
Plant height (cm) ,223.  0 226 .3 230 .8 232 .8 226 .4 223 .8 205 .1 
Ear height (cm) 119. 8 119 .9 121 .3 120 .8 118 .0 119 .8 106 .7 
Natural stalk rot (%) 45. 5 40 .0 36 .2 38 .5 14 .6 11 .2 68 .4 
Field stalk lodging (%) 45. 1 39 .9 37 .7 40 .4 13 .7 12 .4 60 .7 
Yield of grain (cwt/acre) 46. 1 46 .3 47 .1 47 .9 52 .7 49 .8 39 .6 
Moisture of grain (%) 26. 1 27 .3 27 .0 26 .8 27 .9 30 .4 25 .1 
Silking date (from July 15) 13. 7 14 .1 14 .8 14 .5 15 .5 14 .9 14 .2 
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of variance for linear comparison were different from zero 
at the 5% level of probability for plant height, field stalk 
lodging, grain moisture, and silking date. The quadratic 
comparison was significant for field stalk lodging (P < 0.05) 
and grain moisture (P < 0.01). Thus, there was a linear in­
crease in plant height and silking date for the four Lancas­
ter populations as indicated by the test-cross progenies. 
For field stalk lodging and grain moisture, mean changes of 
the four Lancaster populations were fitted to the parabolic 
curve. Means for ear height and yield showed an increasing 
trend, whereas, a decreasing trend for natural stalk rot was 
observed among the four populations. The observed genetic 
advance and average gain per cycle for plant height, field 
stalk lodging, grain moisture, and silking date are presented 
in Tables 40 and 41, respectively. 
The variation among testers was significantly different 
from zero at the 5% level of probability for plant and ear 
height, natural stalk rot, and silking date. Estimates of 
variation for the population x tester interaction were not 
significant for any character except grain moisture in which 
it was significant at the 1% level of probability. The 
significant population x tester interaction for grain moisture 
was caused by variations attributable to populations-quadratic 
X testers (P < 0.05) and populations-cubic x testers (P < 0.01) 
which have no meaningful biological interpretation. The 
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Table 40. Observed genetic advance (%) for four characters 
of the test-cross progenies of four Lancaster popu­
lations with two testers calculated from data ob­
tained in experiments at Ames and Ankeny in 1965 
Character Cycle 
Plant height 1.4 2.0 0.9 
Field stalk lodging -11.6 -5.5 0.0 
Grain moisture 4.5 0.0 0.0 
Silking date 3.1 4.9 0.0 
Table 41. Average gain per cycle for four characters of the 
test-cross progenies of four Lancaster populations 
with two testers calculated from data obtained in 
experiments at Ames and Ankeny in 1965 
Gain per cycle 
Character Observed Regression 
coefficient 
Plant height (cm) 3.3 3.4 
Field stalk lodging (%) -1.7 -1.6 
Grain moisture (%) 0.2 0.2 
Silking date (from July 15) 0.3 0.3 
estimate of population x environment variation was significant 
only for the case of ear height (P < 0.05). For tester x envi­
ronment variation, significant difference was not detected in 
any characters except yield (P < 0.01). In all instances, 
estimates of populations x testers x environments did not de­
viate from zero. 
Combined analyses of variance for four Lancaster popula­
tions and six population crosses for experiments at Ames, and 
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Ankeny in 1965 are given in Table 42 for plant and ear height, 
in Table 43 for natural stalk rot and field stalk lodging, 
and in Table 44 for yield, grain moisture, and silking date. 
Bartlett's test for homogeneity of variance indicated that 
the estimates of error variances from Ames and Ankeny were 
homogeneous for plant height, natural stalk rot, field stalk 
lodging, and grain moisture. Heterogeneity of the error 
variances were detected for ear height, yield, and silking 
date; however, the combined analyses for data of these charac­
ters were completed. 
Estimates of variation among populations for plant and 
ear height, grain moisture, and silking date were significantly 
different from zero at the 1% level of probability, whereas, 
this estimate for field stalk lodging was significant at the 
5% level. Non-significant differences among populations were 
found for yield and natural stalk rot. For all characters 
under study, the variation among populations vs population 
crosses did not deviate significantly from zero. Estimates of 
variation among population crosses were significantly different 
from zero at the 1% level of probability for plant and ear 
height and silking date, and at the 5% level for natural stalk 
rot and grain moisture. Significant differences for general 
combining ability were found for plant height (P < 0.05) , ear 
height (P < 0.05), grain moisture (P < 0.01), and silking date 
(P < 0.01). The variation attributable to specific combining 
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Table 42. Combined analyses of variance for plant and ear 
height of four Lancaster populations and six popu­
lation crosses grown in experiments at Ames and 
Ankeny in 1965 
Mean squares 
Source of variation D .F 
• 
Plant 
height 
Ear 
height 
Environments 1 130304.18** 15575.06** 
Replications/environment 28 331.81 120.43 
Entries 9 2344.61** 414.71** 
Populations 3 4377.02** 650.56** 
Populations vs population 
crosses 1 208.62 69.08 
Population crosses 5 1552.36** 342.33** 
General combining ability 3 2507.70* 518.29* 
Specific combining ability 2 119.34 78.39 
Entries x environments 9 78.89 14.43 
Populations x environments 3 61.78 0.93 
Populations vs population 
crosses x environments 1 5.70 9.83 
Population crosses x 
environments 5 103.80 23.45 
g.c.a. X environments 3 102.80 29.96 
s.c.a. X environments 2 105.28 13.68 
Pooled error ; 252 52.68 30.44 
••Significant at the 1% level. 
•Significant at the 5% level. 
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Table 43. Combined analyses of variance for natural stalk 
rot and field stalk lodging of four Lancaster 
populations and six population crosses grown in 
experiments at Ames and Ankeny in 1965 
Mean squares 
Source of variation D.F. Natural Field stalk 
stalk rot lodging 
Environments 1 11522 .57** 20894 .21** 
Replications/environment 28 106 .11 108 .26 
Entries 9 632 .70** 579 .22** 
Populations 3 1191 .99 493 .49* 
Populations vs population 
crosses 1 89 .59 725 .80 
Population crosses 5 405 .75* 601 .33 
General combining ability 3 645 .64 824 .12 
Specific combining ability 2 45 .92* 267 .15* 
Entries x environments 9 90 .05** 92 .74* 
Populations x environments 3 137 .41** 26 .42 
Populations vs population 
crosses x environments 1 2 .84 43 .60 
Population crosses x 
environments 5 79 .08* 142 .37** 
g.c.a. X environments 3 130 .76* 228 .16** 
s.c.a. X environments 2 1 .55 13 .68 
Pooled error 252 34 .89 38 .79 
••Significant at the 1% level. 
•significant at the 5% level. 
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Table 44. Combined analyses of variance for yield, grain 
moisturef and silking date of four Lancaster 
populations and six population crosses grown in 
experiments at Ames and Ankeny in 1965 
Source of variation D.F. Yield 
Mean squares 
Grain Silking 
moisture date 
Environments 
Replications/environment 
Entries 
Populations 
Populations vs population 
1 33687.66** 113, 
28 161.43 6. 
9 108.37* 17. 
3 13.38 38. 
47** 19521.34** 
02 10.96 
99** 
72** 
40.87** 
68.54** 
crosses 1 791. 61 0. 46 8. 96 
Population crosses 5 28. 71 9. 07* 30. 66** 
General combining ability 3 30. 92 11. 68** 49. 16** 
Specific combining ability 2 25. 40 5. 15 2. 90* 
Entries x environments 9 33. 86 1. 17 1. 12 
Populations x environments 3 38. 99 0. 64 0. 05 
Populations vs population 
crosses x environments 1 37. 80 3. 33 7. 35* 
Population crosses x 
environments 5 29. 99 1. 05 0. 52 
g.c.a. X environments 3 29. 78 0. 22 0. 85 
s.c.a. X environments 2 30. 31 2. 30 0. 03 
Pooled error 252 20. 46 1. 62 1. 57 
••significant at the 1% level. 
•Significant at the 5% level. 
110 
ability was significant at the 5% level of probability for 
natural stalk rot, field stalk lodging, and silking date. 
Non-significant differences were found for the genotype x 
environment interactions for plant and ear height, yield, and 
grain moisture. For natural stalk rot, significant differences 
from zero were detected for the following interactions, popu­
lations X environments (P < 0.01), population crosses x en­
vironments (P < 0.05), and general combining ability x environ­
ments (P < 0.05) . Estimates of variation for population 
crosses x environments and general combining ability x environ­
ments for field stalk lodging deviated significantly from 
zero at the 1% level of probability. For silking date, the 
variation among entries x environments was attributed to a 
single comparison, populations vs population crosses x en­
vironments, which was significant at the 5% level of probabil­
ity. 
Mean values, observed genetic advance, and estimates of 
gain per cycle for agronomic characters of four Lancaster 
populations based on data obtained for six population crosses 
are given in Tables 45, 46, and 47, respectively. For all 
characters except yield, there was a significant change asso­
ciated with recurrent selection for resistance to Diplodia 
stalk rot. However, the observed increments were negligible 
in the last cycle. The result suggested that the data from 
an average of the three crosses of each population could be 
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Table 45. Mean values for seven characters of four Lancaster 
populations based on data obtained for six popula­
tion crosses grown in experiments at Ames and 
Ankeny in 1965 
Character -= Population 
0 1 2 3 
Plant height (cm) 226. 8 232 .8 235 .9 236 .0 
Ear height (cm) 117. 3 120 .7 121 .6 121 .2 
Natural stalk rot (%) 48. 0 44 .5 40 .3 40 .6 
Field stalk lodging (%) 52. 4 50 .4 44 .8 44 .3 
Yield of grain (cwt/acre) 38. 5 37 .5 37 .4 37 .6 
Moisture of grain (%) 25. 8 26 .5 26 .2 26 .3 
Silking date (from July 15) 14. 8 15 .8 16 .0 16 .2 
Table 46. Observed genetic advance (%) for six characters 
based on data obtained for six population crosses 
grown in experiments at Ames and Ankeny in 1965 
Character Cycle 
Plant height 2.6 1.4 0.0 
Ear height 2.9 0.8 0.0 
Natural stalk rot -7.1 -9.6 -0.0 
Field stalk lodging -3.8 -11.1 -1.1 
Grain moisture 2.7 0.0 0.0 
Silking date 6.4 1.6 0.8 
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Table 47. Average gain per cycle for six characters of four 
Lancaster populations based on data obtained for 
six population crosses grown in experiments at 
Ames and Ankeny in 1965 
observ::" '""Agression 
coefficient 
Plant height (cm) 3.1 3.1 
Ear height (cm) 1.3 1.3 
Natural stalk rot (%) -2.4 -2.6 
Field stalk lodging (%) -2.7 -3.0 
Grain moisture (%) 0.2 0.1 
Silking date (from July 15) 0.4 0.4 
Table 48. Estimates of general combining ability effects (§.) 
and general combining ability variances ^^2 ^ ^ 
associated with each population for four ^i 
characters calculated from data obtained in experi­
ments at Ames and Ankeny in 1965 
Popula- height Ear height Grain moisture Silking date 
tion ,9. 8^ 8^ 9. 32 «2 
Cq -9.09 +78.78 -4.32 +17.54 -0.59 +0.34-1.31 +1.69 
-0.15 -3.83 +0.70 -0.63 +0.46 +0.20 +0.11 -0.02 
C2 +4.59 +17.22 +2.08 +3.21 0.00 -0.01 +0.51 +0.23 
C3 +4.65 +17.77 +1.54 +1.25 +0.13 +0.01 +0.69 +0.45 
S.E. 3.21 1.73 0.15 0.29 
(Si - Sj) 
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Table 49. Estimates of specific combining ability effects 
(â^j) for three characters calculated from data 
obtained in experiments at Ames and Ankeny in 
1965 
Population cross Specific combining ability effect Natural Field stalk Silking 
stalk rot lodging date 
CQ X +0.52 +0.32 -0.20 
Co X Cg -1.01 -2.25 +0.23 
^0 ^  ^ 3 +0.49 +1.93 -0.02 
Ci X +0.49 +1.93 -0 .02 
Ci X Cg -1.01 -2.25 +0.23 
^2 ^  ^ 3 
+0.52 +0.32 -0.20 
S.E. 
^ik^ * 0.45 1.35 0.06 
S.E. (â^J " ^ ki) ** 0.00 0.00 0.00 
j/ k; j ^  k. 
**i f if k, 1; j ^ k, 1; k ^  1. 
Table 50. Estimates of specific combining ability variances 
) associated with each population for three 
_L 
characters calculated from data obtained in experi­
ments at Ames and Ankeny in 1965 
Specific combining ability variance 
Population Natural Field stalk Silking 
stalk rot lodging date 
=0 0.67 3.53 0.04 
=1 0.67 3.53 0.04 
=2 0.67 3.53 0.04 
=3 0.67 3.53 0.04 
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fitted predominantly to a straight lines. The presence of the 
curvature was explained either on the basis of the masking 
effect of the environment or there was a lack of genetic 
change from Cg to Cg. A small decreasing trend for yield of 
grain was noted in this group of material. 
Estimates of general and specific combining ability 
effects are presented in Tables 48 and 49. For plant height, 
ear height, and grain moisture, and were equally high 
in general combining ability effects. The equal estimate of 
specific combining ability variance associated with CQ, 
Cg, and Cg, as shown in Table 50, indicated that each popula­
tion uniformly transmitted its genetic endowment to all of 
its progenies, and there was no specific population cross 
which performed more or less than would be expected. Evidently, 
the estimates of specific combining ability effects from the 
three crosses added up to zero for each population. This 
showed that there was an additivity among effects of the four 
populations. The variation among population crosses can be 
attributed mainly to the general combining ability of the four 
populations. The variation attributable to specific combining 
ability seemed to be due merely to chance. In fact, the 
significant differences detected for specific combining ability 
in the analyses of variance were fallacious owing to the low 
estimation of specific combining ability x environment mean 
squares which were used as the error terms for the statistical 
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F-tests. On this basis, the additive type of gene action was 
considered relatively more important than the non-additive 
gene action in conditioning plant and ear height, natural 
stalk rot, field stalk lodging, grain moisture, and silking 
date. 
Figure 3. Mean values for stalk rot ratings of four Lancas­
ter populations evaluated as populations per se 
(1964 and 1965), population x tester crosses 
(1965)t and population x population crosses (1965), 
the data obtained in experiments at Ames 
Figure 4. Mean values for stalk strength of four Lancaster 
populations evaluated as populations per se (1964 
and 1965), population x tester crosses (1965), 
and population x population crosses (1965), the 
data obtained in experiments at Ames 
Figure 5. Mean values for crushing strength of four Lancaster 
populations evaluated as populations per se and 
population x population crosses, the data obtained 
in an experiment at Ames in 1965 
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Figure. 6. Mean values for natural stalk rot of four Lancas­
ter populations evaluated as populations per se 
(1964 and 1965), population x tester crosses 
(1965), and population x population crosses (1965), 
the data obtained in experiments at Ames and Ankeny 
Figure 7. Mean values for field stalk lodging of four Lancas­
ter populations evaluated as populations per se 
(1964 and 1965), population x tester crosses (1965), 
and population x population crosses (1965), the 
data obtained in experiments at Ames and Ankeny 
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Figure 8. Mean values for rind thickness of four Lancaster 
populations evaluated as populations per se and 
population x population crosses, the data obtained 
in an experiment at Ames in 1965 
Figure 9. Mean values for weight of a 2-inch section of dry 
stalk of four Lancaster populations evaluated as 
populations per se and population x population 
crosses, the data obtained in an experiment at 
Ames in 1965 
Figure 10. Mean values for silking date of four Lancaster 
populations evaluated as populations per se (1964 
and 1965) , population x tester crosses (1965) , 
and population x population crosses (1965), the 
data obtained in experiments at Ames and Ankeny 
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Figure 11. Mean values for plant height of four Lancaster 
populations evaluated as populations per se 
(1964 and 1965), population x tester crosses 
(1965), and population x population crosses 
(1965), the data obtained in experiments at 
Ames and Ankeny 
Figure 12. Mean values for ear height of four Lancaster 
populations evaluated as populations per se 
(1964 and 1965), population x tester crosses 
(1965), and population x population crosses 
(1965), the data obtained in experiments at 
Ames and Ankeny 
Figure 13. Mean values for moisture of grain of four Lancas­
ter populations evaluated as populations per se 
(1964 and 1965), population x tester crosses 
(1965), and population x population crosses (1965), 
the data obtained in experiments at Ames and Ankeny 
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DISCUSSION 
The improvement of lines and varieties for resistance 
to field stalk breakage is an important problem in corn 
breeding. Field stalk breakage is a complex of stalk dis­
orders involving several pathogens and influenced by nutrient 
balance, plant densities, climatic conditions, genotype of the 
plant, and other factors. Stalk rot is generally accepted 
as one of the important causal factors involved in field 
stalk breakage, and, in Iowa, Diplodia zeae is one of the most 
important organisms associated with stalk breakage. For many 
years, inbred lines developed by the Iowa State University 
corn breeding program have been selected for resistance to 
stalk rot. Generally, plants that have been self-pollinated 
are inoculated with a Diplodia spore suspension, and ears 
are saved usually from only those plants displaying a satis­
factory degree of resistance to the development and spread 
of the rot. 
The primary objectives of this study were to determine 
the effectiveness of recurrent selection as a method for in­
creasing the resistance to Diplodia stalk rot in the open-
pollinated maize variety Lancaster, and to determine if there 
were any associated changes in other agronomic characters. 
The effectiveness of this breeding method would depend on the 
amount of genetic variability available in the original popu­
lation, the degree of heritability of the character under 
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selection, and the magnitude of genotype x environment inter­
action. 
The presence of genetic variability for resistance to 
Diplodia stalk rot in the original Lancaster population was 
reflected in one way by the range in mean stalk rot ratings 
among the progenies and in another way by the magnitude 
of the estimated genetic variance component associated with 
the population. Evaluation of 173 progenies of the selected 
SQ plants from the original Lancaster population in 1956 indi­
cated a range for mean stalk rot ratings from 2.1 to 4.9, and 
the estimated genetic variance component was 0.16; whereas, 
a range from 3.0 to 5.1 and the estimated genetic variance 
component of 0.19 were obtained from a random sample of 100 
progenies from the same population evaluated in 1965. The 
coefficients of variation for both instances were comparable. 
This is an indication that enough genetic variability was pre­
sent in the original population to make possible selection for 
improved resistance. 
The rapidity of progress from selection is determined to 
a large extent by the degree of heritability of the character 
under selection. In this study, the magnitude of the additive 
genetic variance was not estimable. However, information on 
the degree of heritability in a broad sense for resistance to 
Diplodia stalk rot for each cycle of selection was rendered 
by the estimates of genetic variance components among lines 
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available from the analyses of variance in 1956 (Table 1), 
1959 (Table 2), and 1962 (Table 3). Ideally, these three 
groups of lines should be tested in the same experiment 
with the populations to be evaluated in order to obtain a 
close agreement between the expected and the observed genetic 
variance. In general, estimates of the degree of heritability 
for each cycle were biased downward. The bias was reflected 
by the increase in coefficient of variability from 12.9% for 
lines from CQ population tested in 1956 to 29.9% for 
lines from Cg population tested in 1962. The increase in 
coefficient of variability was due to the fact that mean stalk 
rot ratings were decreasing during successive cycles of selec­
tion while the estimate of variance for the random error did 
not decrease but in fact it tended to increase. Another 
factor which may contribute to a biased estimate of genetic 
variance component is a small number of replications used. 
This is unfortunate because the nature of the experiment has 
made the large number of replications impractical. Despite 
• 
the bias mentioned, the degree of heritability, expressed 
in percentage as given in Table 4, was considered to be in 
the rainge from medium to high. 
The magnitude of genotype x environment interaction for 
resistance to Diplodia stalk rot for progenies was not 
estimable under the present study. The two environments, 
1964 and 1965, in which the four populations and three single-
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cross checks were evaluated were considered as random environ­
ments in order to estimate the magnitude of genotype x 
environment interaction. A significant genotype x environ­
ment interaction was detected for the single-cross checks. 
The population x environment interaction for Diplodia stalk 
rot ratings was not significant and may be interpreted as a 
negligible effect attributable to genotype x environment. 
The difference between single-crosses and populations for 
environmental effect may be due to the narrow genetic base 
of the single-crosses as compared to the broad genetic base 
of the populations. 
The results obtained from the evaluation of four Lancas­
ter populations, CQ, , and C^, for resistance to Diplodia 
stalk rot as populations per se, population x tester crosses, 
and population x population crosses indicated that a signifi­
cant increase in resistance was attained by each cycle of 
recurrent selection. The distributions of mean stalk rot 
ratings of lines sampled from CQ and confirmed the 
effectiveness of three cycles of selection in shifting the 
population toward resistance. For all methods of evaluation, 
mean stalk rot ratings of the four populations showed linear­
ity (Figure 3). This is an indication that further improve­
ment for resistance to Diplodia stalk rot is possible. The 
suggestion was substantiated by the significant difference 
detected at the 1% level of probability for variation among 
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lines from Cg. Estimates of the genetic variance component 
for lines were 0.19 and 0.26 for CQ and C^, respectively. 
The increase in genetic variance was probably due to the in­
crease in frequency of genes for resistance. If the frequency 
of genes for stalk rot resistance was low in the CQ population 
and was increased to approximately 0.5 in the C^, this would 
explain the increase in the genetic variance. The magnitude 
of the genetic variance in the population indicated that 
there was sufficient genetic variance, after three cycles of 
selection, to permit continued progress by selection from re­
current synthetics. 
The range in stalk rot ratings of the four populations 
was greatest when the progress made with recurrent selection 
was evaluated in the populations per se. The population x 
tester and population x population series failed to reveal the 
maximum genetic differences among the populations under study. 
This can be accounted for by the presence of dominance for 
resistance in the WF9 x Hy tester and in the advanced popula­
tions. If gene action was entirely additive, then WF9 x Hy 
or 0s420 X 187-2 would yield similar results. However, this 
was not true as evidenced by the significant population x 
tester interaction. Deviations attributable to dominance and/or 
epistasis in resistance to Diplodia stalk rot were reported by 
Rubis (1954), Hoffbeck (1962), and Fergason (1964). 
Kappelman and Thompson (1966) used generation mean 
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analyses-to detect the. .type of gene action important in eight 
populations of corn for host resistance to stalk rot caused 
by D. zeae. Six of 8 populations studied consisted of P^, Pg » 
F^, and generations. Two populations had an addi­
tional generation, a composite F^. The authors reported that 
additive gene effects were significant for all 8 populations, 
dominant effects were significant for 6 populations, and 
deviations were significant for 3 populations. 
Judging from the magnitude of mean squares for general 
combining ability and specific combining ability or for popu­
lations and population x tester interaction, the results from 
this study were consistent with the report by Russell (1961) 
that the.additive genetic effects were of considerably greater 
relative importance than the non-additive effects in condition­
ing resistance to Diplodia stalk rot. The significant popula­
tion X tester interaction indicates that WF9 x Hy and 0s420 
X 187-2 gave different relative prepotency of the populations 
for stalk rot. Wider spread of mean stalk rot ratings among 
the four populations was obtained with 0s420 x 187-2 as the 
tester parent. Generally, if the stalk rot reaction for re­
sistance in the advanced populations tends to be dominant, 
the greatest range in mean ratings should be anticipated by 
the susceptible tester as indicated in this study. A major 
portion of variability among populations would be concealed by 
the intermediate to resistant tester. In this respect, 0s420 
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X 187-2 should be regarded as an ideal tester. 
The selection for resistance to Diplodia stalk rot by the 
recurrent selection method simultaneously caused significant 
changes in stalk strength, short diameter of the internode, 
crushing strength, rind thickness, weight of a 2-inch section 
of the internode, plant and ear height, natural stalk rot, 
field stalk lodging, grain moisture, and silking date of the 
four Lancaster populations. The mean trends observed for 
populations per se were observed also in the mean trends of 
the population x tester crosses and in the average of the 
three population crosses of each population (Figure 4 to 
Figure 13). In all instances, the trends appeared to level 
off in the last cycle. Non-significant changes in long dia­
meter and length of the internode and grain yield were found. 
The degrees of freedom available for the four populations were 
not sufficient to warrant the estimation of correlation coeffi­
cients among the characters under study. 
Progresses for length, long and short diameter of the 
internode were erratic and so confirmed the finding of Zuber 
and Grogan (1961) that these three characters had low predic­
tive value for field stalk lodging. 
Mean yield for populations per se and average of the three 
crosses of population x population showed decreasing trends. 
However, the opposite trend was observed when the four popula­
tions were outcrossed to two testers. These results could be 
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due to one of two factors. The first factor is the effect of 
inbreeding depression. The rate of inbreeding in the re­
current selection generation is a function of the number of 
lines being saved for the production of recurrent synthetics. 
Approximation of the coefficient of inbreeding (F) was ob­
tained from the formula given by Li (1955), where 
This is the simplest case of a group of N monoecious diploid 
individuals whose gametes unite wholly at random in every 
generation, even including the possibility of self fertiliza­
tion. The N monoecious individuals produce 2N gametes. The 
probability that a gamete should unite with another gamete 
from the same parental individual is 1/2N, in which case F=l. 
For the remaining (2N - 1)/2N of the cases the uniting gametes 
are from different individuals, and therefore their correla­
tion is F', the same as that in the previous generation. 
The coefficients of inbreeding, expressed in percentage, for 
CQ, C^, Cg, and were 0.0,2.5, 7.4, and 12.0, respectively. 
The other important factor which may cause the reduction 
in yield is the association between yield and resistance to 
stalk rot and stalk lodging. Thompson (1963) found that 
selection for resistance to stalk lodging gave decreased 
yield and decreased number of ears per plant. Mortimore and 
Ward (1964) reported that there was a negative association be­
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tween stalk rot resistance and yield. They stated, "Stalk 
rot has never been observed in barren plants even of suscep­
tible hybrids, regardless of whether this barrenness has been 
the result of high populations, aphid infestation, or arti­
ficial prevention of pollination". The relationship between 
resistance to Diplodia stalk rot and the level of carbohy­
drate in the stalk was reported by Craig and Hooker (1961). 
They found that a decrease in the sugar level of the stalk 
caused senescense of pith tissue and susceptibility to Dip­
lodia. Loomis (1934) found also that under the condition 
that the amount of carbohydrate produced was not enough to 
satisfy the demands for both ear and plant, the requirements 
of the developing kernels were met first, resulting in a 
reduction in the levels of sugar in the stalk. On the other 
hand, if the total demand for carbohydrate was reduced, as 
in the barren plants, there would be an accumulation of these 
products in the stalk. From this view point, selection for 
resistance to stalk rot and/or stalk lodging would tend to 
minimize the carbohydrate available for the kernel and thus 
causes a reduction in yield. 
The results of this study showed no important change in 
yield. The analyses of variance for the population x tester 
and population x population series indicated no change in com­
bining ability of the four Lancaster populations. These evi­
dences suggest that the frequency of genes for yield remained 
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unchanged in the populations which resulted from recurrent 
selection for resistance to Diplodia stalk rot. Thus, there 
is no evidence for changes in yield due to pleiotropy or 
linkage. This is desirable since the ultimate goal is a hy­
brid or variety which combines both characteristics, resis­
tance to stalk lodging and yield. The resistant synthetics 
could be used either directly as a variety in some area or 
as a base material from which inbred lines are extracted. 
Stalk rot is essentially a disease related to the onset 
of senescence and produces no typical symptoms until after 
the plant has reached physiological maturity. In general, 
resistance appears to depend upon the maintenance of a 
certain degree of physiological vigor. If a lack of phy­
siological vigor occurs as the plant matures, then suscep­
tibility will result. Physiological vigor of the plant is 
a function of a steady respiration rate supported by a con­
tinuous supply of carbohydrate reserve. Therefore, it seems 
that the population with tall plants and late in maturity 
would be favored in this respect. The results from this 
study indicated significant increasing trends in plant height 
and maturity among the four populations as selection directed 
toward resistance to stalk rot. 
Progresses for stalk strength, crushing strength, rind 
thickness, weight of a 2-inch section, and natural stalk rot 
were in general parallel to the changes for field stalk lodg­
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ing. The results were consistent with the work reported by 
Thompson (1963). He found that reciprocal recurrent selection 
for resistance to stalk lodging caused changes in crushing 
strength and rind thickness. The relationship between stalk 
strength and stalk lodging confirmed the result reported by 
Jenkins (1930). 
Increase in weight of a 2-inch section of dry in te mode 
reflected the corresponding improvement of condition of the 
pith among the four populations. It seems reasonable to pos­
tulate that a stalk containing healthy pith will have higher 
weight and this will result in resistance to stalk lodging 
and/or to mechanical breakage. The parallel decrease in 
natural stalk rot and field stalk lodging indicates that 
stalk rot is one of the complex components which determine 
strength of the stalk. Diplodia zeae is regarded as an im­
portant causal agent for stalk rot in Iowa because the success 
of selection for resistance to stalk rot induced by artificial 
inoculation with Diplodia spores was effective in reducing 
the natural stalk rot of the four populations. 
The correlated changes in other agronomic characters 
could be due to either one of two genetic mechanisms. The 
genetic cause of correlation is chiefly pleiotropy. Pleio-
tropy is the property of a gene whereby it affects two or 
more characters. Thus, the segregation of these genes would 
bring about simultaneous variation in the characters they 
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affect. Linkage is the other important mechanism. However, 
the effect of linkage is transient because linkage disequili­
brium would be reduced from random mating. 
Direct selection for resistance to stalk lodging is made 
more difficult because the growing conditions of some seasons 
may not offer an environment in which effective selection is 
possible. Under some conditions stalk lodging may not occur 
or it may be excessive as the result of a severe storm. On 
the other hand, the magnitude of genotype x environment inter­
action may be too large to distinguish small but significant 
difference among strains having a high degree of resistance. 
Therefore, selection for resistance to stalk lodging should 
be more effective if accompanied by selection for resistance 
to stalk rot and/or mechanical breakage in which the evaluation 
is more accurate and less influenced by the environments. 
In comparing the procedures to improve a population for 
resistance to field stalk breakage, determinations of the 
following attributes should be considered; resistance to stalk 
rot, stalk strength, crushing strength, rind thickness, and 
weight of a 2-inch section. Selection for resistance to 
Diplodia stalk rot is advantageous since fewer plants and a 
smaller number of replications would need to be evaluated for 
a given level of precision. A further advantage is that the 
plants could be evaluated directly in the field; thus, the 
procedure would require no special equipment or manual labor 
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in the laboratory. However, it is unfortunate that selection 
for resistance to stalk rot correlates well with resistance 
to field stalk breakage only in the initial cycles of selec­
tion. In subsequent cycles of selection, resistance to mech­
anical breakage should be selected for simultaneously in order 
to achieve the ultimate goal of improving the population for 
resistance to field stalk breakage. 
Stalk strength, crushing strength, rind thickness, and 
weight of a 2-inch section are equally effective as a method 
for evaluating mechanical strength. A better spread in mean 
values of the four populations was obtained with stalk strength 
as compared to the other procedures. Stalk strength evalua­
tion simulates the natural occurrence of stalk breakage in the 
field; however, the procedure has two disadvantages. First, 
more plants per plot and a larger number of replications would 
be required for a given level of precision as is shown by the 
relative size of the C.V.'s. Second, there is a limitation 
in the number of entries to be evaluated in a day since only 
fresh stalks are used in the determination. There is the 
possibility that the machine could be modified to be used 
directly in the field, thus it would save the time and cost 
in hauling the material to the laboratory. Also, the speed 
of the machine could be adjusted to permit the evaluation of 
a greater number of plants within a day. 
Loesch èt a2. (1962) found that rind thickness was not 
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affected by artificial Diplodia infection, but crushing 
strength of lodging-susceptible crosses was reduced. These 
results suggest that crushing strength would provide a better 
indication of lodging response than rind thickness. Crushing 
strength determinations are more expensive than stalk strength 
measurements, primarily because stalk samples have to be 
thoroughly dried and later sawed into a 2-inch section. More­
over, mean values for crushing strength of the four popula­
tions showed a limited spread as compared to those of stalk 
strength. However, the procedure has an advantage in that 
dry samples of stalk can be stored for an indefinite length of 
time and the evaluations may be delayed until a time when the 
work load is less. 
The results from this study indicated that further cycles 
of selection for resistance to Diplodia stalk rot might not 
result in increasing resistance to stalk lodging. The corre­
lated changes in stalk lodging from indirect selection appeared 
to have approached an upper limit after two cycles. This re­
sult is anticipated unless resistance to stalk lodging has a 
substantially higher heritability than resistance to stalk 
rot. Russell (1961) pointed out that stalk rot and stalk 
strength may have a differing genetic base. Therefore, to make 
an effective improvement in resistance to stalk lodging, 
simultaneous selection for resistance in both stalk rot and 
mechanical breakage is suggested. Tandem selection which 
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alternates selection for resistance to stalk rot and mechanical 
breakage during successive cycles is one of the possible methods 
to be used. Another method is proposed as the following: 
1. Self-pollination of plants and inoculate these 
plants with Diplodia spore suspension. At the time of harvest, 
stalks of these plants are split and selfed ears are saved 
from only resistant SQ plants. 
2. Testing of these selected progenies in a replicated 
trial for resistance to mechanical breakage. 
3. Intercrossing of the selected progenies. 
4. Repetition of the same procedure. 
Synthetic varieties have been used extensively in the 
Iowa State University corn breeding program as a source of new 
inbred lines. One of the oldest synthetics in this program, 
Iowa Stiff Stalk Synthetic, has given some excellent inbred 
lines. Most synthetics could be of greater value to a breeding 
program if certain improvements were made; i.e., resistance to 
diseases and insects, greater stalk strength, earlier maturity, 
lower ear height, and others. The data presented here have 
indicated that significant improvement can be made rather 
easily for a character that is not complex in its inheritance. 
Further research using some form of tandem selection, such as 
suggested above, is warranted. 
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SUMMARY AND CONCLUSIONS 
The open-pollinated maize variety Lancaster is an excellent 
source for inbred lines with high combining ability, but, fre­
quently, the stalk strength is unsatisfactory. A recurrent 
selection program was used in the corn breeding project of the 
Iowa Agricultural Experiment Station to develop a new Lancaster 
variety which would have a higher degree of stalk rot resis­
tance. The procedure was to self-pollinate the SQ plants and, 
at the same time, these plants were inoculated with a Diplodia 
spore suspension. Spread of rot in the stalks of these SQ 
plants was rated in a 1 - 6 scale at harvest time and ears were 
saved from plants with good resistance to stalk rot. The S^^ 
progenies were evaluated in a replicated test and lines with 
good resistance to Diplodia were selected. These selected S^^ 
lines were used in diallel crosses to reconstitute a new Lancas­
ter. Up to 1963, three cycles of recurrent selection for re­
sistance to Diplodia stalk rot were completed. The four Lan­
caster populations, designated Cg, C^, Cgf and C^, were the 
materials used in this study. 
The objectives of the study were to evaluate the progress 
through three cycles of recurrent selection in improving the 
resistance to Diplodia stalk rot. The study included, also, an 
evaluation of the associated changes in other important agrono­
mic characters of the Lancaster populations. 
Evaluations of the populations per se showed that the four 
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populations, CQ, C2/ and C^r had mean stalk rot ratings of 
3.7, 3.0, 2.1, and 1.7, respectively. The variation among 
these values was highly significant. The average gain for stalk 
rot resistance was 0.7 per cycle. Comparisons of regression of 
these means in the orthogonal polynomials indicated significant 
differences for linear and quadratic components at the 1% and 
5% level of probability, respectively. Since 98.1% of the 
total variation among populations was attributed to the linear 
regression, the data were interpreted that the response to 
selection was relatively constant for three cycles of selection. 
Similar results were obtained when the four populations 
were evaluated as population x tester crosses. The two testers 
were WF9 x Hy, intermediate in resistance, and 0s420 x 187-2, 
susceptible to Diplodia stalk rot. For average of the two tes­
ters, CQ, Cg, and had mean stalk rot ratings of 3.5, 
3.1, 2.8, and 2.6, respectively. The average gain for stalk 
rot resistance was 0.3 per cycle. Variation attributable to 
linear regression was highly significant. The two testers 
gave different linear regression coefficients as indicated by 
a significant difference for populations-linear x tester inter­
action. The susceptible hybrid, 0s420 x 187-2, should be an 
ideal tester for evaluating resistance to stalk rot. 
For population x population crosses, mean values for stalk 
rot ratings of CQ, C^, Cg, and , obtained from average of the 
three crosses, were 3.3, 3.0, 2.7, and 2.6, respectively. The 
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gain in resistance was observed to be 0.2 per cycle. The 
combining ability analysis of variance indicated that the addi­
tive type of gene action was of relatively greater importance 
than the non-additive in conditioning resistance to Diplodia 
stalk rot. The success of recurrent selection in increasing 
resistance to Diplodia stalk rot was confirmed by estimates of 
general combining ability effects. 
Information on the frequency distributions of stalk rot 
ratings of 100 lines from CQ and 100 lines from Cg was 
obtained. There was a significant shift of the population 
toward resistance. lines from showed a range of 3.0 to 
5.1 with a mean of 4.1 in stalk rot ratings, whereas, 
lines from had a range from 1.0 to 3.7 with a mean of 2.4. 
Estimates of total genetic variances for resistance to stalk 
rot in CQ and were 0.19 and 0.26, respectively. The evidence 
led to the conclusion that sufficient genetic variance was 
present, after three cycles of selection, to permit continued 
progress by selection from recurrent synthetics. 
The effectiveness of this breeding method in accumulating 
favorable genes for resistance to Diplodia stalk rot depends on 
the presence of genetic variability in the original population, 
high heritability, and small magnitude of genotype x environ­
ment interaction. The percent heritability in a broad sense 
for stalk rot resistance in cycles 1, 2, and 3 was estimated to 
be 42.2, 61.5, and 40.1, respectively. 
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The selection for resistance to Diplodia stalk rot by the 
recurrent selection method simultaneously caused significant 
changes in stalk strength, short diameter of the internode, 
crushing strength, rind thickness, weight of a 2-inch section 
of the internode, plant and ear height, natural stalk rot, 
field stalk lodging, grain moisture, and silking date of the 
four Lancaster populations. For all characters, the mean 
trends observed for populations per se were observed also in 
the mean trends of the population x tester crosses and in the 
average of the three population crosses of each population. In 
all instances, the trends appeared to level off in the last 
cycle. Non-significant changes in long diameter and length 
of the internode and grain yield were found. 
The populations per se had a decreasing yield trend which 
could be an effect of inbreeding. The coefficients of in­
breeding for CQ, C^, C2f and Cg were 0.0%, 2.5%, 7.4%, and 
12.0%, respectively. Since testcrosses of the populations 
showed no change in combining ability for yield, there was no 
evidence for a change in gene frequency. Thus, there was not 
a close association between yield and stalk rot reaction due 
to either pleiotropy or linkage. 
The correlated change in field stalk lodging from indirect 
selection appeared to have approached an upper limit after two 
cycles. Further cycles of selection for resistance to stalk 
rot might not result in increasing resistance to stalk lodging. 
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There was a parallel in progress for stalk strength, crushing 
strength, rind thickness, weight of a 2-inch section of dry 
stalk, and field stalk lodging. Therefore, to make further 
effective improvement in resistance to stalk lodging, simul­
taneous selection for resistance in both stalk rot and mechan­
ical breakage is suggested. 
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APPENDIX 
Table 51. Analyses of variance for stalk rot ratings of four 
Lancaster populations and three single-cross checks 
grown in experiments at Ames in 1964 and 1965 
Source of variation D.F. 1964^^^^ squares^^^ 
Replications 9 0.50* 0.24 
Entries 6 8.49** 6.69** 
Populations 3 8.80** 7.66** 
Linear 1 26.08** 22.32** 
Quadratic 1 0.24 0.33 
Cubic 1 0.08 0.32 
Checks 2 11.54** 7.47** 
Populations vs checks 1 1.48** 2.22** 
Error 54 0.10 0.12 
C.V. 13.2% 13.9% 
•Significant at the 5% level. 
••Significant at the 1% level. 
Table 52. Stalk strength (lb) of four Lancaster populations 
and three single-cross checks evaluated at 4,6,8, 
and 10 weeks after silk emergence in an experiment 
at Ames in 1964 
-Entry Weeks 4 
after 
6 
silk emergence 
8 10 Mean 
63.8 56.9 50.7 38.7 52.5 
=1 73.2 68.3 67.3 52.3 65.3 
106.5 109.7 93.2 69.4 94.7 
125.7 119.7 95.8 76.4 104.4 
B14 A X C103 193.8 195.6 180.3 126.6 174.1 
B14 X Oh41 112.9 109.7 98.9 82.5 101.0 
0s420 X 187-2 61.6 58.8 57.6 48.5 56.6 
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Table 53. Stalk strength (lb) of four Lancaster populations 
and three single-cross checks evaluated at 4,6,8, 
and 10 weeks after silk emergence in an experiment 
at Ames in 1965 
Weeks after silk emergence jiiuuiy 4 6 8 10 Mean 
=0 61. 4 49, .8 39 .4 34 .0 46 .1 
81, .5 63, .7 65 .0 45 .2 63 .8 
108. 2 
1—i o
 
r4 
.3 87 .1 78 .7 93 .8 
=3 126. 0 107. 7 93 .1 84 .9 102 .9 
B14A X C103 166. 7 149. 8 136 .8 115 . 6 142 .2 
B14 X Oh41 106. 0 92. 7 92 .0 94 .3 96 .2 
0s420 X 187-2 57. 3 50. ,0 42 .2 29 .7 44 .8 
Table 54. Analyses of variance for stalk strength of four 
Lancaster populations and three single-cross 
checks evaluated at 4,6,8, and 10 weeks after 
silk emergence in experiments at Ames in 1964 
and 1965 
Source of variation D.F. lUCCLii ; 1964 1965 
Replications 4 250.70 407.55* 
Dates 3 8717.29** 6456.02** 
Linear 1 23089.04** 19230.70** 
Quadratic 1 3051.57** 62.48 
Cubic 1 11.26 74.87 
Error (a) 12 282.56 113.53 
Entries 6 34995.52** 24565.51** 
Populations 3 11868.81** 13872.48** 
Linear 1 34234.99** 40143.33** 
Quadratic 1 46.76 369.28* 
Cubic 1 1324.67** 1104.83** 
Checks 2 70338.46** 47488.61** 
*Significant at the 5% level. 
**Significant at the 1% level. 
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Table 54 (Continued) 
Source of variation D.F. —1964^^ squares^^^ 
Populations vs checks 1 33689.77** 10798.39** 
Entries x dates 18 475.08** 190.34** 
Populations x dates 9 260.87** 93.47 
P^ X D 3 560.98** 84.37 
Pg X D 3 125.24 72.57 
Pq X D 3 96.39 123.48 
Checks X dates 6 973.80** 417.94** 
Pop. vs checks x dates 3 120.29 25.73 
Error (b) 96 59.72 63.95 
C.V. (a) 18.1% 12.7% 
C.V. (b) 8.3% 9.4% 
Table 55. Length of the internode (cm) of four Lancaster 
populations and three single-cross checks measured 
at 4,6,8, and 10 weeks after silk emergence in 
an experiment at Ames in 1964 
Weeks after silk emergence 
4 6 8 10 Mean 
=0 16, .7 15 .7 15. 9 15, .7 16. 0 
=1 16. 4 15 .8 16. 0 15. 7 16. 0 
s 15. , 2  14 .5 15. 5 13. 6 14. 7 
=3 14. 8 15 .1 15. 7 13. 8 14. ,8 
B14A X C103 13. 4 13 .4 13. 7 13. 1 13, .4 
B14 X Oh41 13, ,6 13 .4 14. ,0 13, ,1 13, ,5 
0s420 X 187-2 16. ,4 15 .1 16. 3 15. 7 15, .9 
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Table 56. Length of the internode (cm) of four Lancaster 
populations and three single-cross checks measured 
at 4,6,8, and 10 weeks after silk emergence in an 
experiment at Ames in 1965 
Entry Weeks after silk emergence . 
Mean 4 6 8 10 
CQ 14.7 16.0 16.0 13.7 15.1 
Cl 14.3 15.3 15.0 14.2 14.7 
<2 14.6 15.0 14.6 13.9 14.5 
C3 14.3 15.2 14.7 13.8 14.5 
B14A X C103 13.6 14.1 14.1 13.2 13.8 
B14 X Oh41 12.7 13.5 13.2 12.3 12.9 
0s420 X 187-2 15.7 15.8 15.4 14.9 15.4 
Table 57. Analyses of variance for length of the internode of 
four Lancaster populations and three single-cross 
checks measured at 4,6,8, and 10 weeks after silk 
emergence in experiments at Ames in 1964 and 1965 
Source of variation D.F. Mean squares 
1964 1965 
Replications 4 1.52 2.96* 
Dates 3 6.47** 10.57** 
Linear 1 6.14* 6.12* 
Quadratic 1 1.49 25.50** 
Cubic 1 11.79** 0.08 
Error (a) 12 0.82 0.77 
Entries 6 24.77** 13.98** 
Populations 3 4.86** 1.43** 
Linear 1 22.44** 3.50** 
Quadratic 1 0.16 0.79 
Cubic 1 6.97** 0.01 
Checks 2 38.77** 32.27** 
Populations vs checks 1 41.50** 15.02** 
•Significant at the 5% level. 
••Significant at the 1% level. 
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Table 57 (Continued) 
Source of variation D.F. Mean squares 
1964 1965 
Entries x dates 18 0.79** 0.49* 
Populations x dates 9 1.04** 0.66* 
P^ X D 3 2.51** 0.94* 
Pg X D 3 0.06 0.83* 
Pc X D 3 0.54 0.20 
Checks X dates 6 0.53 0.22 
Pop. vs checks x dates 3 0.58 0.53 
Error (b) 96 0.30 0.29 
C.V. (a) 6.1% 6.1% 
C.V. (b) 3.7% 3.7% 
Table 58. Long diameter of the internode (cm) of four Lancas­
ter populations and three single-cross checks 
measured at 4,6,8, and 10 weeks after silk emergence 
in an experiment at Ames in 1964 
Weeks after silk emergence 
4 6 8 10 Mean 
Cq 3.0 3.0 3.0 2.8 2.9 
C^ 2.9 2.9 3.0 2.9 2.9 
Cg 3.1 3.1 3.1 3.1 3.1 
Cg 3.1 3.0 3.0 3.1 3.0 
B14A X C103 3.2 3.1 3.2 3.1 3.1 
B14 X Oh41 3.1 3.1 3.1 3.2 3.1 
0s420 X 187-2 3.1 3.2 3.2 3.0 3.1 
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Table 59. Long diameter of the internode (cm) of four Lancas­
ter populations and three single-cross checks 
measured at 4,6,8, and 10 weeks after silk emer­
gence in an experiment at Ames in 1965 
Weeks after silk emergence 
4 6 8 10 Mean 
Cq 2.9 2.9 2.8 2.8 2.9 
2.9 2.8 2.8 2.8 2.9 
Cg 2.9 2.9 2.9 2.9 3.0 
C3 2.9 2.9 2.8 2.8 3.0 
B14A X C103 3.0 3.0 3.0 3.1 3.1 
B14 X Oh41 2.9 2.9 2.9 2.9 3.0 
0s420 X 187-2 3.0 3.0 3.0 2.9 3.0 
Table 60. Analyses of variance for long diameter of the 
internode of four Lancaster populations and three 
single-cross checks measured at 4,6,8, and 10 
weeks after silk emergence in experiments at Ames 
in 1964 and 1965 
Source of variation ).F. 1964 1965 
0.0137 0.0152 
0.0269 0.0376** 
1 0.0611* 0.1116** 
1 0.0086 0.0001 
1 0.0111 0.0010 
0.0092 0.0061 
0.1548** 0.1138** 
3 0.1151** 0.0175* 
1 0.2134** 0.0157 
1 0.0014 0.0021 
1 0.1304** 0.0348* 
2 0.0007 0.0961** 
Replications 
Dates 
Linear 
Quadratic 
Cubic 
Error (a) 
Entries 
Populations 
Linear 
Quadratic 
Cubic 
Checks 
4 
3 
12 
6 
**Significant at the 1% level. 
•Significant at the 5% level. 
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Table 60 (Continued) 
Source of variation D. ,F. Mean squares 
1964 1965 
Populations vs checks 1 0.5824** 0.4381** 
Entries x dates 18 0.0069 0.0106** 
Populations x dates 9 0.0067 0.0087 
PL X D 3 0.0173** 0.0087 
Pg X D 3 0.0010 0.0140* 
PC X » 3 0.0019 0.0034 
Checks X dates 6 0.0091 0.0125* 
Pop. vs checks x dates 3 0.0033 0.0125* 
Error (b) 96 0.0043 0.0046 
C.V. (a) 3.3% 2.8% 
C.V. (b) 2.3% 2.4% 
Table 61. Short diameter of the internode (cm) of four Lancas­
ter populations and three single-cross checks 
measured at 6,8, and 10 weeks after silk emergence 
in an experiment at Ames in 1964 
Entry Weeks after 6 
silk 
8 
emergence 
10 Mean 
=0 2.5 2.5 2.4 2.5 
=1 2.5 2.6 2.4 2.5 
2.7 2.7 2.6 2.6 
=3 2.6 2.6 2.6 2.6 
B14A X C103 2.5 2.6 2.4 2.5 
B14 X Oh41 2.6 2.6 2.5 2.6 
0s420 X 187-2 2.7 2.7 2.7 2.7 
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Table 62. Short diameter of the internode (cm) of four Lancas­
ter populations and three single-cross checks 
measured at 6,8, and 10 weeks after silk emergence 
in an experiment at Ames in 1965 
Weeks after silk emergence 
6 8 10 Mean 
Cq 2.5 2.4 2.3 2.4 
2.5 2.6 2.4 2.5 
Cg 2.6 2.6 2.5 2.6 
Cg 2.6 2.5 2.5 2.5 
B14A X C103 2.5 2.5 2.4 2.5 
B14 X Oh41 2.4 2.4 2.5 2.4 
0s420 X 187-2 2.6 2.6 2.5 2.6 
Table 63. Analyses of variance for short diameter of the 
internode of four Lancaster populations and three 
Single-cross checks measured at 6,8, and 10 weeks 
after silk emergence in experiments at Ames in 
1964 and 1965 
Source of variation D.F. Mean squares 1964 1965 
Replications 4 0.0216 0.0148 
Dates 2 0.1418** 0.0373** 
Linear 1 0.1872** 0.0571** 
Quadratic 1 0.0964** 0.0176 
Error (a) 8 0.0069 0.0043 
Entries 6 0.1322** 0.0606** 
Populations 3 0.1228** 0.0647** 
Linear 1 0.2809** 0.1327** 
Quadratic 1 0.0248* 0.0476** 
Cubic 1 0.0628** 0.0138* 
Checks 2 0.1980** 0.0844** 
Populations vs checks 1 0.0287* 0.0007 
••significant at the 1% level. 
*Significant at the 5% level. 
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Table 63 (Continued) 
Source of variation D.F. iQ gsquares 
1964 1965 
Entries x dates 12 0.0039 0.0092** 
Populations x dates 6 0.0036 0.0068 
PlX D 2 0.0089 0.0038 
PgX D 2 0.0005 0.0160** 
P(,X D 2 0.0014 0.0006 
Checks X dates 4 0.0060 0.0095* 
Pop. vs checks x dates 2 0.0007 0.0160** 
Error (b) 72 0.0044 0.0032 
C.V. (a) 3.1% 2.8% 
C.V. (b) 2.7% 2.4% 
Table 64. Means of seven agronomic characters of four Lancaster populations and 
three single-cross checks evaluated at Ames in 1964 
Entry Yield Moisture Silking date Plant Natural Lodging (cwt/acre) {%) (from July 15) height 
(cm) 
stalk rot 
(%) 
Stalk 
(%) 
Root 
(%) 
=0 39.5 22.7 15.9 210.9 39.6 44.0 2.7 
40.8 24.4 17.2 211.2 30.6 31.9 4.6 
=2 37.6 24.9 18.9 240.9 25.4 31.3 2.0 
<=3 35.2 25.4 20.1 239.3 21.4 28.1 6.7 
B14A X C103 42.0 24.8 19.2 222.2 1.4 2.3 0.3 
B14 X Oh41 59.3 25.8 17.8 227.4 15.2 12.7 0.0 
0s420 X 187-2 53.5 22.2 15.1 214.5 39.5 30.3 3.8 
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Table 65. Analyses of variance for six agronomic characters 
of four Lancaster populations and three single-cross 
checks grown in an experiment at Ames in 1964 
Mean Squares 
Source of variation D.F. Yield Moisture Silking date 
Replications 9 97.68** 2.35** 2.82** 
Entries 6 797.02** 18.83** 32.83** 
Populations 3 59.21* 14.53** 34.23** 
Linear 1 130.15** 39.52** 102.24** 
Quadratic 1 33.09 3.54 0.03 
Cubic 1 14.38 0.53 0.41 
Checks 2 779.15** 34.63** 43.43** 
Populations vs checks 1 3046.17** 0.15 7.42** 
Error 54 17.47 0.74 0.57 
C.V. 9.5% 3.5% 4.2% 
••significant at the 1% level. 
•Significant at the 5% level. 
Table 65 (Continued) 
Mean squares 
Source of variation Plant Natural Stalk 
height stalk rot lodging 
Replications 9 170. 41** 12.04 49.91 
Entries 6 1329. 54** 1184.42** 1189.35** 
Populations 3 2117. 70** 244.14** 174.16** 
Linear 1 5527. 21** 712.98** 424.13** 
Quadratic 1 354. 02** 18.12 63.03 
Cubic 1 471. 86** 1.31 35.32 
Checks 2 424. 62** 2404.83** 1467.66** 
Populations vs checks 1 774. 92** 1564.44** 3678.29** 
Error 54 25. 07 29.67 25.27 
C.V. 2. 2% 18.8% 16.9% 
Table 66. Means of eight agronomic character of four Lancaster populations and 
three single-cross checks evaluated at Ames in 1965 
Entry 
Yield 
(cwt/acre) 
Moisture 
(%) 
Silking date 
(from July 15) 
Plant 
height 
(cm) 
Ear 
height 
(cm) 
Natural Lodging 
stalk Stalk Root 
rot (%) (%) (%) 
=0 26.1 25.4 22.1 203.7 111.2 52.2 37.7 0.6 
26.6 27.5 23.1 208.7 110.2 41.6 27.0 0.0 
=2 22.0 28.3 25.1 219.7 116.6 25.5 19.0 0.3 
24.3 27.4 23.9 219.6 116.4 34.7 22.3 0.6 
B14A X C103 35.5 30.6 22.3 208.7 109.8 13.5 6.3 0.0 
B14 X Oh41 32.5 32.0 22.8 206.9 110.6 25.1 11.2 0.0 
0s420 X 187-2 26.7 27.0 20.6 176.7 92.1 57.0 28.3 0.3 
166 
Table 67. Analyses of variance for seven agronomic characters 
of four Lancaster populations and three single-
cross checks grown in an experiment at Ames in 1965 
squares 
Source of variation D.F. Yield Moisture Silking 
date 
Replications 9 38.21* 3.01* 3.92* 
Entries 6 219.68** 50.14** 20.26** 
Populations 3 42.33 14.93** 16.10** 
Linear 1 49.63 22.31** 27.38** 
Quadratic 1 8.45 22.20** 12.10* 
Cubic 1 68.90 0.28 8.82* 
Checks 2 197.89** 65.53** 13.30** 
Populations vs checks 1 795.31** 124.97** 46.67** 
Error 54 17.17 1.32 1.82 
C.V. 15.0% 4.1% 5.9% 
•Significant at the 5% level. 
••Significant at the 1% level. 
Table 67 (Continued) 
Source of 
variation 
D.F. Plant 
Mean squares 
Ear Natural 
stalk rot 
Stalk 
Replications 9 894 .15** 174 .64** 44 .92* 58 .67 
Entries 6 2090 .14** 676 .29** 957 .97** 617 .84** 
Populations 3 649 .06** 117 .00** 456 .73** 268 .59** 
Linear 1 1735 .19** 248 .64** 830 .93** 584 .24** 
Quadratic 1 65 .28 1 .52 350 .35** 202 .81* 
Cubic 1 146 .72 100 .83* 188 .92** 18 .73 
Checks 2 3241 .74** 1095 .48** 2003 .16** 763 .72** 
Populations 
vs checks 1 4110 .17** 1515 .81** 371 .28** 1373 .83** 
Error 54 44 .93 20 .45 16 .60 35 .54 
C.V. 3 .3% 4 .1% 11 .1% 21 .7% 
Table 68. Means of seven agronomic characters of four Lancaster populations and 
three single-cross checks evaluated at Ankeny in 1964 
Entry Yield (cwt/acre) 
Lodging 
Stalk Root 
(%) (%) 
Co 41. 1 20. .9 17. 8 213. ,8 83. 0 37. 6 2 . 8 
Cl 38. 5 22. 6 18. 2 224. 5 70. 6 26. ,6 2. 3 
C2 34. 0 22. 6 21. 5 236. 0 62. 2 19. 9 2. 5 
C3 32. 5 22. 8 22. 3 237. 8 53. 4 22, .6 7. 9 
B14A X C103 40, .1 21. 4 21. 0 226. 7 8. 8 0. 0 0 , .0 
B14 X Oh41 58. 7 21. 8 18. 5 218. 0 81. 9 8. 6 0. 0 
0s420 X 187-2 49. 1 19. 3 17, .6 203. 2 81. 1 20, .8 0. 0 
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Table 69. Analyses of variance for six agronomic characters 
of four Lancaster populations and three single-
cross checks grown in an experiment at Ankeny in 
1964 
Mean squares 
Source of variation D.F. Yield Moisture Silking 
date 
Replications 9 108.77** 2.15 5.31** 
Entries 6 832.66** 15.79** 38.76** 
Populations 3 158.32** 7.96** 52.03** 
Linear 1 460.44** 16.70**141.12** 
Quadratic 1 2.81 5.63* 0.40 
Cubic 1 11.70 1.55 14.58** 
Checks 2 862.23** 18.40** 31.03** 
Populations vs checks 1 2796.55** 34.08** 14.40** 
Error 54 19.28 1.12 0.87 
C.V. 10.5% 4.9% 4.8% 
**Significant at the 1% level. 
•Significant at the 5% level. 
Table 69 (Continued) 
Source of variation D.F. Plant 
height 
Mean squares 
Natural 
stalk rot 
Stalk 
lodging 
Replications 9 
Entries 6 
Populations 3 
Linear 
Quadratic 
Cubic 
Checks 2 
Populations vs checks 1 
Error 54 
C.V. 
102.36* 31.22 23.64 
1507.62** 3028.16** 1118.56** 
1248.14** 651.83** 243.04** 
1 3490.30** 1920.45** 537.82** 
1 198.47* 28.71 181.18** 
1 55.65 6.32 10.12 
1413.11** 7743.17** 1161.46** 
2475.10** 727.13** 3659.30** 
48.25 18.53 16.36 
3.1% 8.1% 16.0% 
Table 70. 
Entry 
Means of eight agronomic characters of four Lancaster populations and 
three single-cross checks evaluated àt Ankeny in 1965 
< it%=re> 
Natural 
alk 
(%) 
"o 
45.9 22.2 6.4 230.4 114.9 70.3 57.3 0.5 
49.9 24.8 7.1 246.7 118.5 63.2 62.7 0.5 
53.8 25.6 8.4 261.3 127.5 45.0 56.9 0.8 
=3 49.9 25.5 8.9 254.8 127.2 44.6 42.6 1.8 
B14A X C103 68.7 25.7 7.4 243.7 124.8 31.8 24.8 0.0 
Bl4 X Oh41 61.7 27.9 7.5 231.4 120.7 12.3 14.9 0.3 
0s420 X 187-2 50.0 20.2 4.3 220.6 106 .8 87.2 83.1 0.0 
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Table 71. Analyses of variance for seven agronomic characters 
of four Lancaster populations and three single-
cross checks grown in an experiment at Ankeny in 
1965 
Mean squares 
Source of variation D.F. Yield Moisture Silking 
date 
Replications 9 54.01** 1.86 2 .92** 
Entries 6 651.12** 64.79** 22 .49** 
Populations 3 104.05** 25.46** 13 .27** 
Linear 1 123.01* 57.89** 38 .72** 
Quadratic 1 159.08** 18.22** 0 .10 
Cubic 1 30.07 0.26 0 .98 
Checks 2 896.92** 156.09** 33 .10** 
Populations vs checks 1 1800.75** 0.18 28 .97** 
Error 54 19.24 1.48 0 .51 
C.V. 8.1% 5.0% 10 .1% 
••Significant at the 1% level. 
•Significant at the 5% level. 
Table 71 (Continued) 
Mean squares 
Source of vari- D.F. Plant Ear Natural Stalk 
at ion height height stalk rot lodging 
Replications 9 298 .63** 183. 24** 122 .45** 127. 43* 
Entries 6 2109 .31** 558. 92** 2711 .75** 2304. 78** 
Populations 3 1788 .01** 401. 15** 613 .29** 259. 81** 
Linear 1 3866 .72** 1057. 08** 1652 .15** 449. 49** 
Quadratic 1 1308 .74** 39. 20 49 .31 327. 81* 
Cubic 1 188 .57* 107. 17 138 .42* 2. 14 
Checks 2 1335 .85** 892. 49** 6796 .88** 5922. 64** 
Populations 
vs checks 1 4620 .11** 365. 11** 836 .87** 1203. 98** 
Error 54 46 .49 31. 83 28 .75 46. 62 
C.V. 2 .8% 4. 7% 11 .6% 15. 2% 
Table 72. Means of eight agronomic characters of population x tester crosses 
and three single-cross checks evaluated at Ames in 1965 
Entry 
Yield 
(cwt/ Moisture 
acre) (%) 
Silking 
(from 
July 
date Plant Ear 
height height 
15) (cm) (cm) 
Natural 
stalk rot 
(%) 
Lodging 
Stalk Root 
(%) (%) 
CQ X (WF9 X Hy) 28.5 28.1 23.3 205.8 116.1 23.5 23.2 0.0 
X (WP9 X Hy) 25.4 28.8 24.1 210.3 119.3 20.7 16.6 0.0 
C2 X (WF9 X Hy) 25.6 28.1 24.3 214.1 120.0 18.6 15.6 0.0 
C3 X (WP9 X Hy) 27.1 28.5 24.1 215.5 117.2 20.6 19.8 0 .0 
CQ X (0s420 X 187 -2) 27.5 27.3 22.2 194.4 108.5 38.1 27.8 0.0 
X (0s420 X 187 -2) 27.0 28.8 21.9 198.9 109.5 35.1 21.6 0.0 
C2 X (0s420 X 187 -2) 26.8 28.6 22.9 197.7 106.5 30.0 19.1 0.0 
C3 X (OS420 X 187 -2) 28.9 27.8 22.5 201.6 108.0 37.5 22.2 0.0 
B14A X C103 28.5 30.2 24.2 205.8 111.0 8.1 4.1 0.0 
B14 X Oh41 28.9 32.6 23.0 203.8 ,111.1 12.8 9.4 0.0 
0s420 X 187--2 21.6 27.6 23.3 177.6 96.5 51.9 29.7 0.3 
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Table 73. Analyses of variance for seven agronomic characters 
of population x tester crosses and three single-
cross checks grown in an experiment at Ames in 1965 
Mean squares 
Source of variation D .F 
• 
Yield Moisture Silking 
date 
Replications 9 30.61 3.83 5.55** 
Entries 10 45.65 22.12** 7.13** 
Populations 3 22.35 4.48 2.71 
Linear 1 0.03 0.79 5.06 
Quadratic 1 67.01 9.11 1.51 
Cubic 1 0.00 3.54 1.57 
Testers 1 13.95 1.10 49.61** 
Populations x testers 3 9.15 1.70 1.08 
X T 1 17.84 0.25 0.12 
PQ X T 1 5.22 4.42 1.01 
Pc X T 1 4.40 0.42 2.11 
Checks 2 167.22** 62.78** 3.90 
Populations vs checks 1 13.63 76.03** 2.48 
Error 90 19.05 2.49 1.42 
C.V. 16.3% 5.5% 5.2% 
••Significant at the 1% level. 
•Significant..at the 5% level. 
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Table 73 (Continued) 
Source of vari­
ation D.; 
Plant 
F. height 
Ear 
height 
Natural 
stalk rot 
Stalk 
lodging 
Replications 9 1 277.04** 65.20** 49.62 31.54 
Entries 10 1111.58** 461.64** 769.48** 465.07** 
Populations 3 249.82** 16.34 64.12 123.25 
Linear 1 711.02** 0.08 31.90 118.52 
Quadratic 1 18.14 34.58 130.15* 249.89* 
Cubic 1 20.30 14.36 30.30 1.34 
Testers 1 3536.47** 2002.00** 1735.76** 175.67 
Populations 
X testers 3 28.42 31.45 9.37 1.44 
X T 1 39.88 18.23 1.99 1.63 
PQ X T 1 7.63 52.49 9.80 2.66 
Pc X T 1 37.75 23.63 16.31 0.04 
Checks 2 2480.57** . 709.09** 2683.36** 1467.89** 
Populations 
vs checks 1 1783.52** 1052.86** 371.86** 1165.18** 
Error 90 51.10 19.35 30.77 48.68 
C.V. 3.5% 4.0% 18.3% 28.4% 
Table 74. Means of eight agronomic characters of population x tester crosses and 
three single-cross checks evaluated at Ankeny in 1965 
Yield Silking date Plant Ear Natural Lodging 
Entry (cwt/ Moisture (from height height stalk rot Stalk Root 
acre) (5) July 15) (cm) (cm) (%) (%) (%) % == (WF9 X Hy) 69.0 24.7 4.8 252.3 130.0 53.2 62.8 0.5 
C, X (WF9 X Hy) 67.4 25.6 : 6.3 254.0 130.0 46.6 59.7 0.0 
C2 X {WF9 X Hy) 67.5 24.9 6.5 263.1 134.0 38.8 51.9 0.0 
Cg X (WF9 X Hy) 70.4 25.5 7.0 262.1 134.8 39.5 54.7 0.8 
X 
1 
0
 
0
 0
 
to
 
to
 
0
 
X 187-2) 59.4 24.3 4.5 239.6 124.6 67.2 66.7 0.8 
X (0s420 X 187-•2) 65.4 25.8 4.2 241.8 120.7 57.7 61.6 0.3 
C2 X 
0
 
CM CO 0
 X 187-2) 68.5 26.2 5.6 248.2 124.7 57.6 64.1 1.3 
C3 X (0s420 X 187-2) 65.2 25.3 4.4 252.1 123.2 56.5 64.8 0.0 
B14A X C103 77.0 25.7 6.8 247.1 125.0 21.2 23.2 0.0 
B14 X Oh41 70.7 28.2 6.7 243.7 128.4 9.6 15.4 0.0 
0s420 X 187--2 57.6 22.5 5.1 232.6 117.0 85.0 91.7 0.0 
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Table 75. Analyses of variance for seven agronomic characters 
of population x tester crosses and three single-
cross checks grown in an experiment at Ankeny in 
1965 
Mean squares 
Source of variation D.F. Yield Moisture Silking 
date 
Replications 9 42.61 3.05** 9.04** 
Entries 10 284.83** 19.13** 11.40** 
Populations 3 61.78 6.03** 7.31** 
Linear 1 154.27 6.27* 15.60** 
Quadratic 1 29.71 10.15** 4.51* 
Cubic 1 1.35 1.66 1.83 
Testers 1 307.92** 0.94 43.51** 
Populations x testers 3 104.49 2.77 5.61** 
Pi X T 1 65.73 0.67 8.12** 
Pq X T 1 242.66** 5.57* 0.01 
Pc X T 1 5.07 2.08 8.71** 
Checks 2 982.44** 81.56** 9.10** 
Populations vs checks 1 76.73 0.84 13.53** 
Error 90 39.51 1.14 0.78 
C.V. 9.4% 4.2% 16.0% 
**Significant at the 1% level. 
•Significant at the 5% level. 
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Table 75 (Continued) 
Source of 
variation 
D.F. Mean squares Plant Ear Natural Stalk 
Replications 9 178.71** 46 .47* 107.13* 102.96* 
Entries 10 856.69** 297 .78** 1925.36** 1930.88** 
Populations 3 612.59** 67 .94* 229.28** 58.20 
Linear 1 1689.62** 84 .18* 574.70** 114.50 
Quadratic 1 1.38 13 .04 113.14 53.74 
Cubic 1 146.77* 106 .61* _0.pl 6.37 
Testers 1 3103.78** 1585 .09** 1608.14** 334.69* 
Populations 
X testers 3 20.86 33 .42 18.86 43.64 
V 1 7.21 87 .52* 19.39 73.57 
PçjX T 1 26.79 2 .93 0.90 0.01 
1 28.58 9 .82 36.29 57.34 
Checks 2 573.76** 343 .56** 7681.58** 8412.51** 
Populations 
vs checks 
1 
2415.20** 401 .46** 1537.85** 1843.56** 
Error 90 34.73 20 .14 43.19 50.12 
C.V. 2.4% 3 .6% 14.9% 14.5% 
Table 76. Means of eight agronomic characters of four Lancaster populations and 
six population x population crosses evaluated at Ames in 1965 
Yield Silking date 
(from July 15) 
Plant Ear Natural Lodging 
Entry (cwt/ 
acre) 
Moisture 
(%) 
height height 
(cm) (cm) 
stalk rot 
(%) 
Stalk 
(%) 
Root 
(%) 
(=0 26.4 25.3 22.3 195.0 108.0 39.4 37.8 0.9 
CL 24.6 26.9 24.1 207.6 108.5 34.2 30.6 0.0 
S 22.5 27.9 25.7 218.4 115.4 23.3 22.1 0.7 
S 23.6 27.3 25.2 219.8 117.1 28.7 22.6 0.7 
CL 28.7 26.6 22.1 205.5 111.5 38.6 44.2 0.7 
26.1 25.8 23.2 205.9 108.8 31.8 27.0 0.0 
O
 
o
 
1 
X <=3 29.2 26.4 23.0 208.6 111.1 35.6 40.5 0.0 
X S 26.2 27.4 24.3 219.2 116.2 31.2 35.4 0.0 
X S 25.6 27.2 24.5 213.9 113.4 30.6 33.2 0.3 
Cj X =3 25.5 26.8 24.7 219.9 116.3 29.5 27.1 0.4 
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Table 77. Analyses of variance for seven agronomic characters 
of four Lancaster populations and six population x 
population crosses grown in an experiment at Ames 
in 1965 
Mean squares 
Source of variation D .F 
• 
Yield Moisture Silking 
date 
Replications 14 75.05** 2.36 8.35** 
Entries 9 62.83** 8.96** 21.53** 
Populations 3 40.98* 18.10** 32.99** 
Linear 1 82.89* 35.16** 78.03** 
Quadratic 1 30.95 18.04** 18.15** 
Cubic 1 9.10 1.09 2.80 
Populations vs pop. 
crosses 
1 241.73** 0.64 16.27** 
Population crosses 5 40.16** 5.14* 15.70** 
General combining 
ability 3 49.40** 7.84** 25.35** 
Specific combining 
ability 2 26.29 1.09 1.21 
Error 126 12.55 1.84 1.93 
C.V. 13.7% 5.1% 5.8% 
**Significant at the 1% level. 
•Significant at the 5% level. 
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Table 77 (Continued) 
Mean squares 
Source of vari- D.F. Plant Ear Natural Stalk 
ation height height stalk rot lodging 
Replications 14 604. 90** 80 .86** 78 .68** 119. 43** 
Entries 9 1026. 01** 186 .33** 140 .71** 332. 96** 
Populations 3 1989. 57** 326 .93** 290 .95** 349. 50** 
Linear 1 5445. 13** 873 .47** 531 .81** 921. 59** 
Quadratic 1 447. 71** 5 .58 181 .90* 90. 21 
Cubic 1 45. 87 101 .74* 159 .13* 36. 70 
Populations vs 
pop. crosses 1 141. 67 13 .36 30 .27 562. 56** 
Population 
crosses 5 624. 74** 136 .56** 72 .66 277. 11** 
General com­
bining ability 3 958. 24** 177 .80** 102 .60* 334. 13** 
Specific com­
bining ability 2 124. 49 74 .70 27 .74 191. 57** 
Error 126 60. 90 24 .38 35 .33 32. 77 
C.V. 3. 7% 4 .4% 17 .3% 16. 8% 
Table 78. Means of eight agronomic characters of four Lancaster populations and six 
population x population crosses evaluated at Ankeny in 1965 
Plant Ear Natural Lodging 
Entry Yield 
(cwt/acre) 
Moisture 
(%) 
Silking date 
(from July 15) 
height height 
(cm) (cm) 
stalk rot 
(%) 
Stalk 
(%) 
Root 
(%) 
CQ 43.5 23.6 5.7 235.8 121.6 67.0 64.3 0.0 
Cl 44.8 25.6 7.5 248.8 122.9 59.6 58.7 1.0 
S 44.4 26.1 9.1 264.7 129.3 38.2 51.0 1.0 
C3 45.6 26.1 8.8 259.6 131.1 41.1 55.4 0.7 
C X 47.1 25.0 6.5 240.3 122.9 67.2 73.1 0.2 
G o X  =2 50.0 25.1 7.1 249.1 124.6 56.3 65.7 0.5 
Cg X s 49.6 25.7 7.1 251.6 125.2 58.2 64.1 0.8 
X s 49.0 26.5 8.3 258.8 131.2 51.3 64.7 1.5 
Ci X C3 48.1 26.1 9.0 259.1 128.9 48.4 52.0 0.5 
Cg X c. 47.9 25.4 8.7 262.9 132.6 41.6 49.1 2.5 
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Table 79. Analyses of variance for seven agronomic characters 
of four Lancaster populations and six population x 
population crosses grown in an experiment at Ankeny 
in 1965 
Mean squares 
Source of variation D .F 
• 
Yield Moisture Silking 
date 
Replications 14 247.81** 9.69** 13.56** 
Entries 9 79.40** 10.20** 20.47** 
Populations 3 11.40 21.27** 35.60** 
Linear 1 25.63 47.36** 87.48** 
Quadratic 1 0.04 16.02** 17.07** 
Cubic 1 8.52 0.43 2.25 
Populations vs pop. 
crosses 1 587.68** 3.15 0.04 
Population crosses 5 18.54 4.98** 15.49** 
General combining 
ability 3 11.30 4.06* 24.66** 
Specific combining 
ability 2 29.41 6.35* 1.72 
Error 126 28.36 1.41 1.20 
C.V. 11.3% 4.7% 14.0% 
**Significant at the 1% level. 
*Significant at the 5% level. 
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Table 79 (Continued) 
Mean squares 
Source of variation D.F. Plant Ear Natural Stalk 
height height stalk rot lodging 
Replications 14 58. 71 160. 01** 133 .53** 97. 09* 
Entries 9 1397. 49** 242. 81** 582 .04** 339. 00** 
Populations 3 2449. 23** 324. 56** 1038 .46** 170. 41* 
Linear 1 5693. 29** 905. 15** 2588 .08** 324. 08** 
Quadratic 1 1223. 11** 1. 04 143 .44* 134. 79 
Cubic 1 431. 29** 67. 50 383 .86** 52. 36 
Populations vs 
pop. crosses 1 72. 65 65. 55 62 .16 206. 84* 
Population 
crosses 5 1031. 41** 229. 22** 412 .17** 466. 59** 
General com­
bining ability 3 1652. 26** 370. 45** 673 .80** 718. 14** 
Specific com­
bining ability 2 100. 13 17. 37 19 .72 89. 26 
Error 126 44. 46 36. 49 34 .45 44. 81 
C.V. 2. 6% 4. 8% 12 .6% 13. 2% 
